Spring 1960 






The International Quarterly of the 
Society for the History of Technology 


Articles by 


ABBOTT PAYSON USHER 
MARJORIE NICE BOYER 
JOHN B. RAE 

Reply to Cyril Stanley Smith by E. Martin Burgess 


Research notes by Nathan Reingold and P. J. Federico 


Reviews by Leonard Carmichael, John W. Oliver, 
Dorothea Waley Singer, Trevor I. Williams, | 
and others oll 


Published by the 
WAYNE STATE UNIVERSITY PRESS 

for the 
SOCIETY FOR THE HISTORY OF TECHNOLOGY 








Editorial Board 


Editor-in-Chief 


Melvin Kranzberg 
CASE INSTITUTE OF TECHNOLOGY 


Editors 
Richard H. Shryock AMERICAN PHILOSOPHICAL SOCIETY 
Lynn White, Jr. UNIVERSITY OF CALIFORNIA, LOS ANGELES 


Advisory Editors 


Homer G. Barnett UNIVERSITY OF OREGON 
Cyril E. Black PRINCETON UNIVERSITY 
Kenneth E. Boulding UNIVERSITY OF MICHIGAN 
I. Bernard Cohen HARVARD UNIVERSITY 

Carl W. Condit NORTHWESTERN UNIVERSITY 
L. Carrington Goodrich COLUMBIA UNIVERSITY 
Thomas P. Hughes WASHINGTON AND LEE UNIVERSITY 
John A. Kouwenhoven BARNARD COLLEGE 

Edward Lurie WAYNE STATE UNIVERSITY 
Robert P. Multhauf SMITHSONIAN INSTITUTION 
John U. Nef UNIVERSITY OF CHICAGO 
Derek J. de Solla Price YALE UNIVERSITY 

John B. Rae HARVEY MUDD COLLEGE 
David Riesman HARVARD UNIVERSITY 

Cyril Stanley Smith UNIVERSITY OF CHICAGO 
Reynold M. Wik MILLS COLLEGE 





Price To Non-Mempers: $7.00 a year, $12.50 for two years, $18.00 for 
three years; add $.15 a year in Canada. $.35 a year abroad. Single 
numbers, $2.00. Membership dues include subscription (see inside back 
cover). 


Copyright, 1960, Wayne State University Press 
Published by Wayne State University Press, Detroit 2, Michigan 
Application for second class mail privileges is pending at Detroit, Mich. 


Publication of this journal has been made possible by a subscription 
guarantee from the Wilkie Foundation, Des Plaines, Illinois. 


Editorial Office: The Society for the History of Technology, Room 
311, Main Building, Case Institute of Technology, Cleveland 6, Ohio. 


v0 











TECHNOLOGY 


and 


CULTURE 
volume I, no. 2 + spring 1960 














Contents 


The Industrialization of Modern Britain. .. Abbott Payson Usher 
Medieval Pivoted Axies...............5. Marjorie Nice Boyer 


The “ Know-How ” Tradition: Technology in American History 
Jobn B. Rae 


CONTROVERSY 


A Reply to Cyril Stanley Smith on Mail Making Methods 
E. Martin Burgess 


RESEARCH NOTES 


U. S. Patent Office Records as Sources for the History of 
Invention and Technological Property... .Nathan Reingold 


Records of Eli Whitney’s Cotton Gin Patent. ...P. J. Federico 


BOOK REVIEWS 


The Human Condition by Hannah Arendt 
Leonard Carmichael 
A History of Western Technology by Friedrich Klemm 
, John W. Oliver 
Alchemy by E. J. Holmyard........ Dorothea Waley Singer 
The Canal Builders by Robert Payne........ G. G. Meyerhof 
History of the Gear-Cutting Machine by Robert S. Woodbury 
R. S. Hartenberg 
The Brewing Industry in England, 1700-1830 by Peter Mathias 
Trevor I. Williams 
The Building of TVA by John H. Kyle...... Carl W. Condit 
The Pulse of Radar by Sir Robert Watson-Watt 
George Raynor Thompson 
Food: America’s Biggest Business by Pauline Arnold and Per- 
EE Se kbaxduebecwesae vineanenend W. Earl Graham 


ORGANIZATIONAL NOTES 
Fe I FN, TIP on on ccicise sass cicccasanesseeus 


109 
128 


139 


151 


156 
168 


177 
178 
182 
185 
186 


188 
189 


191 


194 











In the next issue Technology and Culture will feature the 
“ Controversy ” section. 





S. Colum Gilfillan (sociologist) will present “ An Attempt to 
Measure the Rise of American Inventing and the Decline of 
Patenting.” ) 


Arguing against Gilfillan’s attempt to measure the rate of 
invention will be I. Jordan Kunik (patent attorney) and Jacob 
Schmookler (economist). 


The section, but not controversy, will close with Dr. Gil- 
fillan’s rejoinder. 


Also in the summer issue will be Robert S. Woodbury’s ex- 
plosion of “ The Legend of Eli Whitney and Interchangeable 
Parts” and Thomas J. Higgins’ “ Biographical Bibliography 
of Electrophysicists and Electrical Engineers.” 











The Industrialization 


of Modern Britain 


ABBOTT PAYSON USHER* 


I 


Economic Hisrory has been deeply affected by broad abstrac- 
tions. The German Historical Schools, before and after Marx, 
were deeply committed to sociological concepts which frequently 
obstruct the critical analysis of the movement of historical events. 
There was too much emphasis upon narrowly defined ends: na- 
tionalism, the factory system, capitalism. Furthermore, the concept 
of historical development was too largely defined in idealistic terms, 
sometimes with emphasis upon romantic heroes, sometimes with 
stresses upon an impersonal development from the implicit to the 
explicit, as carried to great extremes by Marx. All these generali- 
zations have been stimulating and have made some contribution to 
the interpretation of the records of economic development, but 
there are many problems that defy analysis by such an approach. 
More particularly, the interrelations between science, technology, 
and economic development cannot be analysed in much detail from 
this idealistic point of view. 

There is thus urgent need of more systematic study of the proc- 
esses of economic development from the point of view of modern 
empiricism, 1. €., as a progressive emergence of novelty. Philosophy 
and the natural sciences are today dominated by notable revisions 
of empirical philosophy. In these fields, thought is moving away 
from emphasis upon specific final ends to concepts of evolution 
without any determinate end. The new attitudes are especially 
significant for historical analysis, and the history of technology can 
be much more adequately presented from the point of view of 


*One of America’s outstanding economic historians, Dr. Usher is Professor 


Emeritus of Economics at Harvard University. He is best known to students of 
technology for his A History of Mechanical Inventions. 
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continuously emergent novelty than from the romantic concept of 
occasional innovation at widely spaced intervals. Idealistic de- 
terminism really denies the novelty of the later events in a se- 
quence; all that is to be found in the end is implicitly present in 
the beginning. In our material activities, as in the system of nature, 
this comprehensive denial of novelty is hard to accept. 

The empiricist does not assume that a given culture is at any 
time a self-consistent and comprehensive system of interrelated 
parts. Growth and change are held to be a function of inconsis- 
tencies and lack of order among the different sectors of the social 
system and the economy. The historical process, therefore, dis- 
closes development by sectors and compartments of the economy. 
Furthermore, the emphasis of the ideal culture types upon qualita- 
tive differences is misleading in the analysis of the historical process, 
because the significant differences are quantitative. Much stress 
is placed upon the use of power in the modern factory, but little 
attention is given to the early use of wind and water power in the 
milling industry and many phases of the metallurgical industries. 
The power installed per employee in sixteenth and seventeenth 
century flour milling was fully comparable to the amount of power 
supplied to employees in mid-nineteenth century factories, but the 
early flour mill should certainly be classified as a craft occupation. 
The new phenomenon was not provision of power but the eco- 
nomical generation and supply of power in large units. Likewise, 
the place of “heavy ” industry in the economy can be described 
significantly only in quantitative terms. Only a modest percentage 
of total production was devoted in the seventeenth century to 
“ capital ” goods, to heavy duty military ordnance and heavy duty 
consumer goods, but the category was not unimportant even to the 
economies of the sixteenth and seventeenth centuries. The place 
of heavy industry in the modern economy can be accurately de- 
scribed only in quantitative terms. 

Finally, if we move away from the idealistic sociologies, we 
move away from motivations that are presumed to be economic 
to centers of initiation that are predominantly technical. Economic 
motives are present, to be sure, but they do not become effective 
until many technical resistances have been overcome. The actual 
achievement is thus dominated by the timing of the technological 
advance. Modern industrialization rests upon the progressive gen- 
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eralization in the use of power. Novelties develop slowly step by 
step in various sectors of the economy. Technical and economic 
changes were spread over a longer period than is commonly sup- 
posed, and the impact of invention upon the economy was there- 
fore diffused. Rates of increase in productivity were modest even 
in sectors of major changes. Even the most important individual 
inventions did not lead at once to massive changes in productivity 
because they emerged as devices used on a small scale and without 
the associated inventions that ultimately created a completely new 
system of production.’ 


II 


The advantages of a comprehensive application of power to the 
textile industries were clearly perceived by Leonardo da Vinci 
(1452-1519), whose notebooks contain sketches of devices for 
spinning by power, for power weaving, and for power shearing of 
woollens. But the successful application of power was achieved 
only after long intervals and at different dates in each of the 
primary processes. In spinning, the application of power became 
possible only after the introduction of rollers by Lewis Paul in 
1733 and 1758, though the process was not commercially useful 
even on the coarser yarns until Arkwright’s time. Spinning of 
the finest yarns was partially mechanized by Hargreaves and 
Crompton, but power was not successfully applied to the mule 
until 1825. Arkwright produced an effective carding engine for 
cotton, but wool combing presented a more difficult problem. 
Cartwright produced a combing machine in 1792, but power 
combing was not effectively accomplished until 1816, and the 
various machines left much to be desired until after Heilman’s 
work in 1845. 

Weaving proved to be especially difficult to mechanize. A 
ribbon-making loom was developed in the seventeenth century by 
stages which are imperfectly recorded. The “ flying” shuttle in- 
vented by John Kay (1733) gave an important lead towards the 
power loom;? the race for the shuttle under the warp and the 
devices for the control of the shuttle established a pattern to which 
power could be applied, but even in 1785 the problems of the 
power loom were very inadequately solved by Cartwright. Much 
work was done on the loom in the next twenty years, and after 
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1813 looms adequate for plain weaving were available. Because the 
power loom was economical only for fabrics that could be mass 
produced and sold in large quantities, the displacement of the hand 
loom was a complex process. In the field of special patterns hand 
looms remained important for a long period. 

The history of the draw loom is in many ways similar. Supple- 
mentary mechanisms began to appear as early as 1725, and the 
primary elements of the draw loom without power were developed 
by Vaucanson (1747), but the action was not effective until com- 
pleted by Jacquard (1802-04). Only after a further interval was 
power applied. 

Fulling was done by power driven devices as early as the thir- 
teenth century, and power was applied to the raising of the nap of 
wollen fabrics as early as the sixteenth century. The laborious proc- 
ess of shearing or cropping, however, resisted all efforts of inventors 
until the close of the eighteenth century. Power driven shears were 
developed by Delaroche of Amiens (1784) and by J. Harmes of 
Sheffield (1787); the decisive accomplishment, however, was the 
rotary shearing engine patented in England in 1794 by the Ameri- 
can, Samuel Dorr. The curved rotary blades working against a 
bed plate provided a perfect solution of the problem, yet the 
rotary shearing engine did not displace the earlier types until 
after 1816. 

In the textile industries, the primary inventions subsequent to 
the knitting frame cover the period from Kay’s shuttle of 1733 to 
the decade 1840-1850 when the combing machines assumed mature 
forms. The later phases of the competition between power devices 
and hand operated mechanisms were dominated by economic con- 
siderations, but for a full hundred years increases in the use of 
generalized power were limited by technical problems. 

Because England imported all the raw cotton used in the in- 
dustry, the import statistics afford a measure of the growth of the 
industry. The expansion of the cotton industry was partly due to 
the capture of much consumer demand formerly commanded by 
wool, silk, and flax, but the intensity of this interfibre competition 
was due to the earlier mechanization of the cotton industry. The 
cotton figures thus give us a record of one of the most rapidly 
advancing sectors of the economy.* The annual fluctuations are so 
considerable that it is desirable to smooth the series by taking the 
mode for every other decade after 1710-1720.* 
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TABLE 1 
Imports oF Raw Corron: GREAT BrITAIN 


Expansion Rate 


000 lbs. Per Cent 

1702 1,117 

1715 1,160 

1725 1,560 2.40 
1745 3,401 4.90 
1765 4,636 1.75 
1785 18,887 7.50 
1805 68,208 6.00 
1825 200,150 6.00 
1845 609,600 5.50 
1865 1,246,550 4.00 
1885 1,681,000 1.75 
1905 1,929,950 1.00 


The low figure for 1765 is doubtless due to the disturbance of trade 
by the Seven Years’ War. With this exception, expansion con- 
tinued at rates in excess of 4 per cent per year for more than one 
hundred years. The development of the industry in the early eight- 
eenth century was probably due to gains at the expense of the other 
textile fibers, but the major phase of growth was dominated by 
technical changes. 


iil 


Despite the importance of the textile industries for the consumer, 
and the conspicuous development of the factory system in the 
cotton industries, it is a mistake to think of the textiles as the 
primary focus of industrialization. The strategic area of technical 
change is to be found in the various branches of engineering: tool 
making and machine building, the production and application of 
generalized power on a larger scale, and the free use of iron and 
steel in construction. Although this group of activities may seem 
too broad to constitute a focus of development, it is sufficiently 
restricted to exhibit the primary differences between the tech- 
nology of the sixteenth and seventeenth centuries and the power 
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economy that emerged in the eighteenth century and reached a 
relatively mature form late in the nineteenth century. 

The changes must be described primarily in quantitative terms. 
Modern industrialism rests upon the capacity to work with great 
precision in the hard metals in the production of mechanisms utiliz- 
ing or producing power over a wide range, from very small to very 
large units. This change involves a shift from the use of wood 
and the soft, non-ferrous metals to iron, steel, and special alloys 
of the hard metals and rare earths. The Newcomen and Watt 
engines did not make generalized power available for the first time; 
the new achievement was to produce power economically in larger 
units. Winding engines, in mines, operated by horse-turned winches 
are definitely a generalized application of power. The water wheels 
and wind mills are, of course, fully generalized sources of power. 
Machines operated by a crank are also using a generalized source 
of power. Ure, Poncelet, and Marx understated the significance of 
the generalized use of power in small units. Full generalization in 
the use of power requires an array of prime movers capable of 
providing power of any desired magnitude, with any desirable 
characteristic in respect of compactness or rate of revolution. 
Whatever the importance of particular inventions, such a long 
sequence of development cannot be understood unless the process 
is seen as a progressive and convergent synthesis. 

It is important to think of the steam engine as a development 
based on the vacuum pump. Many of the mechanical elements in 
the steam engine were taken over from the pumps without any 
change, and the basic feature of the atmospheric engine is merely 
a different use of air pressure. The Marquis of Worcester’s engine 
and Savery’s engine are, perhaps, closer to the pumps than to 
Newcomen’s engine, though the vacuum pump made effective use 
of a piston. When we recognize frankly the relative continuity 
of the process, the explanation of the emergence of novelties at 
particular moments becomes especially important. The length of 
the process shows that there are many difficulties to be overcome, 
but we need to know why these difficulties are ultimately over- 
come. The history of the vacuum pump suggests an answer. In the 
sixteenth century most of the pumps described by Agricola were 
made largely of wood. At best there was a box made of some non- 
ferrous metal in which the vacuum was formed. In the course of 
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the sixteenth and seventeenth centuries more and more metal was 
used in the pumps. When the pumps of the Paris waterworks at 
La Samaritaine were reconstructed by Belidor in the early eight- 
eenth century, they were largely constructed of metal and had 
become efficient and economical mechanisms. 

When the Newcomen and Watt engines were first conceived 
it was barely possible to construct workable machines. The effec- 
tive introduction of Newcomen’s engines owed much to the work 
of Smeaton in constructing them. Similarly, Watt’s engine was 
brought into use by Wilkinson’s work on the boring machine and 
Boulton’s skill as an engineer. Thus the introduction of the steam 
engine was dependent upon the achievement of new skills in the 
use of iron in machine building. The concept of the Newcomen 
engine brought to a close a long sequence of studies of the vacuum 
that is represented in science by the work of Galileo, Torricelli, 
Pascal, von Guericke, Boyle, and Papin; and on the empirical side 
by de Caus, Worcester, Savery, and Papin. Activities in a number 
of related fields thus converged towards the development of the 
steam engine. 

The complete array of prime movers required the further de- 
velopment of steam in the non-condensing or high pressure engines, 
the compound engines, and the steam turbines. In addition to the 
steam engines, there were important additions to the array in the 
hydraulic turbines, the internal combustion engines (using gas, 
gasoline, or oil), the gas turbines, and latterly the atomic reactors. 
In addition, electricity has given great flexibility to the use of prime 
movers. Until the development of double and triple expansion 
marine engines the array of prime movers was significantly incom- 
plete. But it is undesirable to stress any sharp date lines in the nine- 
teenth century or even in the twentieth century. Furthermore, it 
must be frankly recognized that the utilization of atomic power is 
essential to the continuous development of the power economy as 
we have come to know it. 

Our modern power economy rests upon achievements in two 
fields outside the immediate sector constituted by the prime movers 
themselves: it was essential to develop a family of machine tools 
capable of working iron and steel with precision; it was also neces- 
sary to have sufficient supplies of iron and steel products to use 
these materials freely over a wide field of building, construction, 
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and capital equipment. Furthermore, the requirements of these 
different uses of iron products made it necessary to produce iron 
and steel of rigidly defined qualities. Minute control of chemical 
composition and molecular structure was imperative. In short, 
precision was essential both in the making of iron and in its 
processing. 

Such results would have seemed utterly impossible of attainment 
to an engineer or iron master of 1700. The addition of the pendu- 
lum had made the mechanical clock sufficiently reliable to justify 
classifying it as an instrument of precision, but even in 1700 much 
work remained to be done to achieve the accuracy suggested by 
Huygens’ analysis of the arc of vibration. It proved to be easier to 
achieve accuracy by reducing the arc of vibration than to trans- 
form the circular arc into the cycloid that would be strictly iso- 
chronous. To accomplish this end a variety of new escapements 
were brought out, so that the pendulum clock assumed its mature 
form early in the eighteenth century. 

Type founding and die stamping were already well established 
as methods of precision manufacture in quantity. Die stamping, 
however, was confined to work in the mints and to the production 
of small objects executed in the non-ferrous metals. The lathe was 
capable of pattern turning; and with a traversing mandrel, short 
screws of various pitches could be produced in the non-ferrous 
metals. But the frame of the lathe was wood, and hence lacked 
the rigidity required for precision work. The toolholder was also 
a problem, but a variety of tool holding devices had developed in 
association with the wooden lathe. Emphasis on the slide rests 
produced by Wilkinson and Maudslay have distracted attention 
from the important achievement of metal construction throughout. 
Leonardo da Vinci had conceived a screw-cutting lathe for the 
duplication of long lead screws, but we have no certain knowledge 
that such lathes were used. Precision in manufacture was not 
expected. 

In 1700, however, the urgent problem was the production of 
iron; the depletion of the forests was increasing fuel costs, and iron 
making was declining in several areas of England. The use of coal 
had been increasing steadily for more than a century, both for 
domestic heating and in a variety of industries in which no special 
problems were encountered by the substitution of coal for char- 
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coal. Although attempts to use coal for iron making began early 
in the seventeenth century, successful use of coal was achieved 
only by Abraham Darby I about 1709, and even then the success 
was not decisive.’ There were two sources of difficulty. Raw 
coal could not be used because the quality of the iron was affected 
by the sulphur in the coal. The use of coke eliminated this hazard, 
but the coke required a stronger blast of air in the furnace, and 
special blowing apparatus was necessary to make the furnace eco- 
nomical. It was possible to work a furnace with wooden bellows, 
but the decisive success of the coke burning blast furnace was 
insured only by Smeaton’s blowing engine equipped with cast iron 
cylinders. 

In January 1760 there were no more than seventeen coke burn- 
ing furnaces in operation. Fourteen were built in the next fifteen 
years, but the important development came after 1775 when Watt’s 
engine was used to work the cylindrical blast pumps. The British 
industry then became less dependent on importations from Sweden, 
North America, and Russia. The Scottish iron industry was de- 
pendent on the use of coal. 

Expansion of the industry in the late eighteenth century was also 
closely associated with improvements in the processes of refining 
and preparing the primary intermediate products, bars and sheets. 
These changes were brought about by the adaptation to the iron 
industry of the reverberatory furnace and the rolling mills that 
had been used in the non-ferrous metals industry as early as the six- 
teenth century. The steps in this process of transfer of technique 
have received little attention, as the work of Cort was of out- 
standing importance, and his patents (1785) dominated the intro- 
duction of these methods. The critical problem in puddling was 
to melt a batch of cast iron and to keep it in liquid form for the 
period of ten or twelve hours required to work it in the reverbera- 
tory furnace. This process required higher temperatures than 
could be achieved by the earlier fuels and the less powerful blowing 
apparatus. These technical developments of the late eighteenth 
century dominated the industry until the introduction of Besse- 
mer’s converter and the open-hearth, beginning massively about 
1860. 

The effect of all these changes upon the economy are most 
vividly summarized in the record of per capita consumption of 
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iron over the period. Statistics for the eighteenth century are un- 
satisfactory, but they are nonetheless of great significance. 
Throughout the eighteenth century Great Britain was dependent 
upon foreign sources. Until about 1750, more than half the quan- 
tity of iron used as pig or bar iron was imported; from 1750 to 
1790 about one half was imported, and in this period imports from 
Russia exceeded the shipments from Sweden. After 1788 British 
exports of iron products became significant, but records are im- 
perfect, so that the most uniform series are the figures for total 
supply: domestic production plus imports of bar iron. In the 
nineteenth century, importation of foreign ores became important, 
though they were not distinguished in the official records of pro- 
duction until 1876. With adjustments to allow for differences in 
the recorded figures the production and total supply of iron is 
shown in Table 2.° The approximate rates of growth are given 


TABLE 2 
PRoDUCTION, TRADE, AND CONSUMPTION OF IRON IN GREAT BrITAIN 


Domestic Total Home Total 
Production Supply of Consumption Supply 
of Pig Iron Pig Iron per Capita per Capita 


000 Tons 000 Tons Ibs. Ibs. 
1717 18.1 35.4 
1720 17.3 35.8 9.85 
1736 17.5 47.7 13.1 
1750 26.0 73.0 18.8 
1770 32.0 103.6 24.3 
1788 68.3 116.0 20.6 24.1 
1800 156.0 213.1 30.8 40.5 
1806 258.2 297.4 42.5 52.6 
1825 581.3 604.3 60.3 80.0 
1830 678.4 698.3 67.7 87.0 
1840 1396.0 63.5 150.0 
1855 3218.0 
1860 3826.0 3907.0 244.0 340.0 
1870 5963.0 6064.0 242.0 465.0 
1880 7749.0 8024.0 266.0 540.0 
1895 7904.0 8286.0 236.0 500.0 


1900 8959.0 9757.0 286.0 490.0 
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below. These rates understate the effective changes in the use of 
iron, because the increased use of wrought iron after 1788 and 
the substitution of steel for wrought iron achieved economies in 
the use of material that were of appreciable magnitude. 

The total impact upon the economy is most vividly shown by 
the changes in the consumption of iron per capita (Table 3).’ 


TABLE 3 


Rates OF INCREASE IN PRODUCTION AND TOTAL SUPPLY OF Pic IRON 
IN Per CENT PER YEAR 


Total 
Domestic Total Supply 
Production Supply per Capita 

1720-36 2.00 2.2 
1736-50 2.75 3.25 2.5 
1750-70 Laz 1.87 1.3 
1770-88 4.00 0.80 
1788-1806 6.00 5.30 4.5 
1806-30 5.00 4.00 2.3 
1830-40 7.00 7.00 5.5 
1840-55 6.55 6.00 4.0 
1855-70 3.80 4.00 4.0 
1870-80 2.75 3.75 1.7 
1880-90 
1890-1900 1.45 1.75 


The major changes in the industry follow the effective develop- 
ment of the steam engine and the introduction of Cort’s processes 
for refining and working iron. The Bessemer process and the open- 
hearth did not make it possible for the British industry to main- 
tain the earlier rates of growth because many of the British ores 
were unsuitable to either the Bessemer process or the open-hearth. 
Even the development of the basic process in 1878 failed to re- 
establish the position of the British ores in the iron market. 

The Bessemer and open-hearth processes not only reduced the 
cost of refining pig iron, they also made it possible to control the 
carbon content of steel within very close limits. Until these 
processes were introduced steel making was hardly more than an 
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empirical craft operation, with the possible exception of the cruci- 
ble process, which produced characteristically hard steels for tool 
making and special uses in industry or ordnance. The mild steels 
desirable for general use as a product superior to malleable iron 
were not available in quantity before Bessemer’s time. Failure of 
the converter with phosphorus bearing ores led to analyses of iron 
ores and iron products which for the first time placed the metal- 
lurgy of iron on a secure basis of accurate knowledge. Improve- 
ments in the processing of the iron soon made it possible to pro- 
duce steel of any desired grade of hardness for general use. But 
neither converter nor open-hearth was suitable for the production 
of special tool steels; for special uses crucible steel was still neces- 
sary. Later, the electric furnace proved to be capable of producing 
tool steels. 


IV 


Earlier studies of industrialization have given too little attention 
to the machine tool industries. At the present time, their impor- 
tance is fully recognized, but they were no less important in the 
early history of industrialization. John Wilkinson’s improvements 
in the boring machine (1775-1795) made it possible to produce 
cast iron cylinders that were good enough to make serviceable 
steam engines and blowing engines, though the errors in their 
diameters amounted to as much as “ the thickness of a worn shil- 
ling.” These early accomplishments in machine building, therefore, 
did not mark the beginning of precision engineering. The most 
satisfactory dating of the emergence of new standards in engineer- 
ing is to be found in the work of Henry Maudslay (1771-1831). 
Although the novelty of his contributions to the lathe is frequently 
exaggerated, his work was both original and important. The full 
quality of his achievement is to be measured by his manufacture of 
the set of block making machinery in cooperation with Brumel 
(1801-1808) and by the notable group of machine builders trained 
in his shops. Clement, Whitworth, Roberts, and Nasmyth all owed 
much to his influence and his standards, so that machine building 
and tool making were carried to new levels of precision under the 
inspiration of his leadership. The full accomplishment required the 
development of a comprehensive array of machines tools. There 
were various forms of lathe, notably turret lathes, which carried 
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a number of tools on one head, so that a sequence of operations 
could be performed without resetting the work. The planers, 
milling machines, and gear cutters were the most important gen- 
eralized machines. These machines reduced costs both directly and 
indirectly: the specific task was done more cheaply, and the pre- 
cision achieved made it possible to produce interchangeable parts 
in quantity. Whitworth, speaking in 1856, said: “Thirty years 
ago the cost of labour for facing a surface of cast iron, by hand, 
was twelve shillings per square foot; the same work is now done 
by the planing machine at a cost for labour of less than one penny 
per square foot, and this, as you know, is one of the most im- 
portant operations in mechanics.” * 

This advance in the technique of metal working was a result 
of the convergence of work in pure and applied mathematics, ex- 
tensive work in the design and manufacture of clocks, watches, 
and other instruments of precision, and lastly a limited amount of 
novel work in the construction of heavy duty mechanisms operat- 
ing at low standards of adjustment and closure. 

In the field of mathematics the conspicuous focus of attention 
was the analysis of the cycloid curves. The epicycloid curve was 
discovered by Albrecht Diirer in 1525, and Jerome Cardan in 1557 
published the first study of the mathematical problems of gear 
teeth, though his work was largely empirical. Analysis of the 
cycloids developed steadily throughout the seventeenth century. 
Desargues (1644-49) and Ole Rgmer (1674) applied the epicycloid 
to the design of gear teeth, but systematic application and full 
development of theoretical analysis rests upon the work of Philippe 
de la Hire (1694). Mathematical analysis was advanced by Euler 
(1754-5), Camus (1766), and Kaestner (1781). This work was 
not accessible to practical engineers and shop workers, as the 
treatises were in Latin and did not reduce the material to forms 
adapted to the needs of operative mechanics. 

However, these important analytical works were translated in 
the early nineteenth century and the results made available to 
practical engineers and shop foremen in the form of tables. Robert- 
son Buchanan in 1808 published translations of portions of the 
treatise of Camus, and in 1841 brought out a third edition of the 
translation. John Isaac Hawkins also published translations of 
Camus (1837), and Robert Willis published an important treatise 
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in 1841 containing this earlier work and much new analysis of 
mechanical problems. 

Mathematical analysis contributed much to the design and manu- 
facture of clocks and watches. Study of the cycloid inspired 
Huygens’ work with the pendulum, so that the clock with a pen- 
dulum moving in a circular arc of small amplitude became an in- 
strument of precision. The escapements of all mechanical time 
pieces were completely redesigned during the eighteenth century 
in order to minimize the interference between the escapement and 
the beat of the pendulum or balance wheel. Several mechanisms 
were developed to cut gear teeth for the wheel work of the smaller 
clocks and watches. Fusee engines with slide rest attachments 
emerged to manufacture the fusees used on watch movements, and 
the dividing engines developed to produce scientific instruments 
were applied to some of these gear cutting devices. Nevertheless, 
machines did not dominate the operations of the clock, watch, and 
instrument makers, but great advances had been made toward 
mechanization of many fundamental tasks. 

In the field of heavy duty machinery the advances toward mech- 
anization of production were small. About 1540 Juanelo Torriano 
devised a gear cutting engine that enabled him conveniently to 
produce the wheel work for the great planetarium built for the 
Emperor Charles V. Little is known of the machine. Early in 
the eighteenth century, Christopher Polhem at Stjernsund developed 
many mechanisms for iron working, including a gear cutting 
engine, but most of his mechanisms were designed to produce farm 
tools and items for consumer use that required no precision of 
workmanship. In the eighteenth century the boring machines were 
the most important class of machines significantly concerned with 
the achievement of precision. The tool makers and machine build- 
ers of the early nineteenth century thus brought about a decisive 
change in the character of the economy. Maudslay grew up in an 
economy that worked competently in wood and the non-ferrous 
metals, but there were few instruments of precision. Watt’s con- 
densing engine was the only prime mover larger than the water 
and wind mills that had been known for generations. Ten years 
after Maudslay’s death in 1831 the iron industry emerged from a 
most dramatic change. Iron was available in substantial quantities, 
and it could be worked with greater precision than had formerly 
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been possible in the soft metals; the steam engine was available 
over a substantial range of steam pressures, and as a locomotive as 
well as a stationary engine. In France the turbine water wheel had 
been invented and was already clearly revealed as an important 
source of power for the future. 


V 


The development of the British economy can be measured 
broadly by the fragmentary data for coal production, and by the 
estimates of national income so carefully worked out by Hoselitz.° 
Nef has made careful estimates of coal production for the period 
prior to the publication of official returns.’® The spacing of avail- 
able items may conceal short periods of rapid growth, but the 
average rates of change make it unlikely that notable fluctuations 
were characteristic of the development. Technical changes that 
are both novel and fundamental act slowly on the economy. The 
impact of invention upon the economy is in inverse ratio to the 
novelty and importance of the invention. 


Propucrion oF Coat IN GREAT BrITAIN 


Growth Rate 
Tons Per Cent Per 


(Thous. ) Year 

Av. 1551-60 210 
1681-90 2,982 0.25 
1781-90 10,295 2.00 
1854 64,600 2.50 


The sale of coal by the Newcastle Vend is given as follows: 


Growth 
Tons Rate Per Cent 
(Thous. ) Per Year 


1609 251 

1660 537 1.50 
1700 650 0.50 
1750 1,193 1.25 
1800 2,520 1.37 


18,349 4.00 
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Hoselitz’s figures for the growth of the national income show 
the following rates of change: 
Rates oF INCREASE OF NATIONAL INCOME IN 


Great Briratn at Constant PRIcEs 


Rate Per Cent 


Per Year 
1688-1770 0.56 
1770-1800 1.06 
1812-1847 242 
1847-1868 3.25 
1868-1883 1.50 
1883-1913 2.75 


Late stages in the sequence of development of specific mech- 
anisms show progressively important effects upon the economy. 
Thus the influence of the steam engine was restricted to narrow 
fields of use throughout the eighteenth century in England. Im- 
provements in the condensing engine and the development of the 
non-condensing engine did much to extend the use of steam power. 
Although there is evident justification for the discussion of a major 
invention in terms of ultimate implications, these implications are 
no measure of the immediate effects. 

Indeed, the massive impact of technical change upon the economy 
comes at relatively late stages in the sequence of inventions. Tech- 
nological development in regions not participating in the initial 
inventions enter the sequence at late stages, and growth is thus 
likely to take place at accelerated rates. The impact of develop- 
ment on particular regions is also affected by all the circumstances 
of resource geography. Hence the iron resources of the United 
States, Germany, and Russia were a major {.ictor in growth rates. 
Outstanding illustrations of the significance of resource geography 
are afforded by the history of petroleum in Central America, South 
America, and the Middle East where mature techniques of recovery 
were applied to resources of extraordinary quality. 

The development of the iron and steel industries in Great 
Britain was fostered in the first instance by the dearth of char- 
coal and by the close association of important metallurgical coals 
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with iron deposits. The iron ores were important but not spec- 
tacular, and not massive enough to make Britain self-contained in 
ore production. The introduction of the Bessemer and open- 
hearth processes left Britain in a weak position in the world market, 
largely because of circumstances of resource geography which 
were only in part offset by imports of ore. Changes in technology 
must, therefore, be studied at all times in association with the 
geography of resources. 

The technical factors, too, must be extended to include all im- 
provements in transport. The massive application of steam to rail 
and water transportation in the nineteenth century opened large 
continental areas to the world market, which had long been limited 
to the maritime fringe of the continents. Improved transporta- 
tion successively opened new areas in North America, European 
and Asiatic Russia, India, China, and ultimately Africa. Expansion 
of the world market was an important factor in the increased rates 
of growth that begins in the second half of the nineteenth century. 


VI 


The history of technology shows that industrialization is an evo- 
lutionary process, not a revolutionary change. Blanqui’s concept 
of an industrial revolution comparable to the political revolution 
in France has been misleading; it has encouraged oversimplication 
and stressed extreme forms of romanticism in the history of inven- 
tion. It implies violent and rapid change, and suggests rates of 
growth above the long term average rate. Attention is concen- 
trated upon qualitative differences in forms of organization or in 
modes of action. The factory is contrasted with craft industry, 
power machinery with hand work. These facile generalizations 
cannot be supported by a study of the record. 

Modern industrialization developed very slowly. Its beginnings 
must surely be carried back to the sixteenth century. It involved a 
close interplay between science and engineering. Though more 
conspicuous in Britain than in continental Europe, it was in fact 
an accomplishment of the whole European culture, with notable 
contributions from Italy, France, and Germany, as well as Great 
Britain. 

The slow rate of change in early stages of the development was 
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due to several kinds of technical difficulties in the application and 
development of essential principles. Mechanisms that could be 
produced only in wood or in the non-ferrous metals were limited 
in size, power, and precision. The effects of particular inventions 
were qualified in many instances by the lack of other mechanisms 
essential to a comprehensive system of mechanized production, 
Hence the quality of the technical accomplishment cannot be 
measured directly by the 1 impact upon the economy. Direct com- 
parisons of rates of change in productivity are likely to be mis- 
leading, even if they involve only comparisons within a single 
economy, and they are especially dangerous if they involve dif- 
ferent regions as well as different periods of time. In the United 
States, Germany, and Russia, the development of industrialization 
presents special problems of analysis for each area. Only when all 
the technical and economic factors are considered can we under- 
stand the rates of growth achieved. 
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Medieval Pivoted Axles 
MARJORIE NICE BOYER* 


ONE WHO PUSHES a baby carriage will be struck with the diffi- 
culty of making turns on all four wheels; and if he has tried to pull 
it, he has found it a problem to keep it going where he wishes it 
to go. The trouble is that the baby carriage has not benefited from 
a very ancient invention—the pivoted axle or turning train. Four- 
wheeled vehicles with the pivoted front axle came in at least by 
the time of the Hallstatt iron age in the second millenium B.C, 
and it is well established that the ancient Romans knew and em- 
ployed this technological advance.’ Nevertheless, it has been 
claimed that this invention, known both to the ancient Romans and 
to the barbarians, was forgotten during the Middle Ages. 

The theory of the rigidly fastened and parallel axles of medieval 
wagons seems first to have been advocated by Viollet-Le-Duc’ 
in 1872, for it does not appear in the standard French works on 
the history of the coach before that time,* nor in the recognized 
British and American works on the subject published between 1824 
and 1912—Markland, Bridges Adams, Thrupp, Stratton, Gibley, 
or Straus.* In France, Cattier in 1886 and Faverot de Kerbrech in 
1903 repeated the idea.’ In 1931 Lefebvre des Noéttes attributed 
the introduction of the turning train to the sixteenth century, while 
Horwitz in 1933 and Jope in 1956 found no evidence for it in the 
Middle Ages before the fifteenth century.’ Gille in 1956 published 
a seal plainly depicting a pivoted front axle dating from 1396, and 
he conjectured that this was the period of its invention." 

This paper questions the hypothesis that the Middle Ages dis- 
carded so important a technological advance as the turning train. 
Such neglect would have run counter to the temper of the times. 
In general, medieval people not only retained ancient inventions 


* Dr. Boyer teaches history at Brooklyn College. She is a specialist on medieval 
modes of travel and has published articles on that subject in Speculum. 
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but in many cases improved upon them, and a formidable list of 
innovations is credited to the period, including chimneys, mechani- 
cal clocks, spectacles, compasses, and, in the field of transportation, 
the introduction of shafts, of horseshoes, of hitching horses tandem, 
and of other improvements in harness. Moreover, the practicality of 
a four-wheeled vehicle with rigidly fastened axles for hauling pas- 
sengers or freight is more than questionable. In the light of these 
considerations it seems worthwhile to examine the problem of the 
use of the pivoted front axle in the Middle Ages, pointing out the 
slender basis for the hypothesis that it was unknown, and adducing 
reasons for supposing that it was employed in France at least from 
the eleventh through the fifteenth centuries. 

The theory of the non-pivoted medieval axles rests on contem- 
porary illustrations reinforced by Forrer’s report in 1932 of the 
discovery of such a wagon built to parade a religious statue in six- 
teenth or seventeenth century Spain.* Lefebvre des Noéttes based 
on pictorial evidence his whole theory of a new, medieval method 
of harnessing draft animals, more efficient than that in vogue in 
ancient times. Subsequently buttressed by linguistic evidence, his 
hypothesis is now widely accepted. Yet the whole problem of the 
conclusions to be drawn from medieval illustrations is a thorny one. 
Consider the drawing of two figures in a four-wheeled chariot 
illustrating an eleventh century manuscript of Prudentius’ Psy- 
chomachia (Fig. 1), a didactic poem on the triumph of the Virtues 
over the Vices. This imaginative sketch with its faulty perspective 
hardly inspires confidence that such a vehicle was actually used in 
the Middle Ages. It lacks a ple or shafts, and there are no reins, 
so that the means of controlling the horses remains a mystery. Or, 
again, take the early thirteenth century drawing in Herrad of 
Landsperg’s Hortus Deliciarum of a four-wheeled chariot carrying 
Luxuria and fifteen men representing Vices.’ The vehicle lacks a 
pole or shafts, and the horses are without bridles and without reins. 
(It is no surprise, either to the technologist or to the moralist, to 
find, a few pages farther on, a picture of the Vices’ chariot upset.) 
Other sketches in the same manuscript, however, show carts with 
poles, and horses harnessed with bridles and reins and pulling on 
single trees, so that the low technological level of Luxuria’s chariot 
was simply symptomatic of a lack of interest on the artist’s part. 
Unfortunately for the history of the wagon, artists did not much 
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concern themselves with realism until the fifteenth century, and 
before that period the representation of the undercarriage of 
vehicles is almost always lacking. This is true of the chariots in 
Prudentius’ Psychomachia and in Herrad of Landsperg’s Hortus 
Deliciarum. Historians are therefore reduced to conjecture as to 
the absence or presence of the pivoted front axle. They are agreed 
that a turning train is indicated if the front wheels are smaller than 
the rear, or if the sway-bar is visible beneath the vehicle. (The 
sway-bar is an arched piece of wood which slides across the perch 
to facilitate turns.) On the other hand, rigidly fastened and parallel 
axles are assumed if the shafts, pole, or traces are attached to the 
body of the vehicle rather than to the front axle. 

A word of caution is indicated, however, as to assuming that 
there is no turning train in illustrations of wagons in which the 
shafts seem to be prolongations of the two main longitudinal beams 
of the chassis. Such are the Luttrell Psalter carriage (fourteenth 
century) and the Toggenburger Bibel chariot (1411) showing 
Jacob and his sons removing to Egypt.’® In the former case the 
carvings on the vehicle are depicted with meticulous care, and in 
the latter the very buttons that fasten the turned-up awning can be 
counted. The under-carriage, however, is not represented in either 
case. On the other hand, there is evidence to show that depicting 
the shafts as apparent extensions of the body was merely a conven- 
tion. Two fifteenth century vehicles, one a French wagon drawn 
about 1460 (Fig. 2) and one a Burgundian chariot painted about 
1470,** seem to have shafts which are prolongations of the main 
beams of the chassis. Yet both the wagon and the chariot have the 
recognized indications of the turning train—the front wheels smaller 
than the rear and the sway bar clearly visible beneath the vehicle. 
Horwitz has pointed out that the swaybar without a pivoted 
front axle would be meaningless.’ The point is that illustrations 
of two-wheeled carts regularly show the shafts attached to the 
body, and perhaps artists, not bothering to observe wagons closely, 
merely copied these features of the cart. Before the end of the 
fourteenth century, in the absence of pictures of the undercarriage, 
it is difficult to argue from illustrations either that the turning train 
was known or that it was unknown. 

The question of the existence of the pivoted front axle in the 
Middle Ages cannot, unfortunately, be settled by the one surviving 
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vehicle. The ninth century Oseberg ship wagon has indeed been 
restored with a turning train, but it has been claimed that the con- 
struction of the vehicle is so impractical as to preclude its ever 
having been used.** And the next extant vehicle, complete with 
chassis, is the 1584 coach of the Elector of Saxony, John Casimir, 
preserved at Coburg! ** 

On the point of the pivoted front axle, expense accounts are 
more helpful than illustrations, for they provide extremely detailed 
information on the construction of vehicles and prove that the 
undercarriage had at least some of the refinements of the modern 
cart and wagon. In the fourteenth century the pole of the wagon 
was reinforced by the futchels;* and in the case of carts the shafts 
were at least sometimes bolted to the axle, instead of being attached 
to the body.’® The accounts of the duchess of Burgundy for 1384- 
1385 include, among purchases for her four-wheeled chars, men- 
tion of pivots (torillons) and of a great bolt of iron.** This would 
indicate that the turning train was employed in the last half of the 
fourteenth century. 

In the absence of definitive information on the pivoted front 
axle before the middle of the fourteenth century, one is led to 
consider the practicality of a vehicle without the turning train. 
Teamsters assure us that general use of four-wheeled wagons with- 
out a pivoted front axle is impracticable. Even the proponents of 
the theory of the rigidly fixed and parallel axles have admitted 
difficulties in using such a vehicle. Viollet-Le-Duc conceded that 
turns would have had to be very gradual, and Horwitz stated that 
in changing direction the wheels must have been shoved sideways 
and that on bad roads men with poles would have been needed to 
effect a change of direction.’ Finally, Gille considered the lack of 
a pivoted front axle so serious a defect that vehicles without it 
could never have been used for long distances.** It may also be 
suggested that the wagon without a turning train would have been 
subjected to serious strain in changing direction; the wheels would 
tend to be forced off, and the tongue would be likely to break 
away from the body. Ceremonial requirements of religion may 
have induced men on special occasions to use vehicles with the 


* The futchels are two pieces which meet in a point in front of, and spread 
outwards behind, the front axle tree bed. Between them the rear end of the pole 
of a wagon is placed, and to them, behind the axle, is attached the sway bar. 
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rigidly fixed and parallel axles, but for long hauls they would 
scarcely have been employed as alternatives to two-wheeled carts 
or pack animals. If, therefore, it can be shown that the four- 
wheeled wagon was employed over long distances, it seems reason- 
ably safe to conclude that the pivoted front axle was in use. 

Among factors restricting the use of wheeled vehicles were the 
availability of sumpter animals, difficult terrain, and the poor state 
of the roads. Hilly country, a formidable obstacle to wheeled 
vehicles, is relatively less of a hindrance to pack animals. At Tou- 
louse in the fourteenth and fifteenth centuries, goods went by 
wagon from Toulouse to southern Languedoc, to Béarn, and 
Bayonne; but to Spain and Northern France, across the Pyrenees 
or Massif Central, they went by pack mule.’® Moreover, vehicles 
require roads, and carriage roads were by no means to be found in 
all parts of medieval France. In fourteenth and fifteenth centur 
Dauphiny there were wagon roads only on either side of the Rhone 
and up the Isére as far as Grenoble and perhaps from Marseille to 
Italy.” Northern France seems to have been much more fully 
provided with wagon roads, but the poor state of the routes tended 
to limit vehicular traffic. Pack horses were sometimes more eco- 
nomical, and for this reason in 1284/5 the ordinance for the house- 
hold of King Philip IV called for a decrease in the number of carts 
and wagons belonging to his hétel.** 

Where vehicles were favored over sumpter animals, a choice had 
still to be made between two-wheeled carts and four-wheeled 
wagons. During the period under discusson the words carecta, 
quadriga or cadriga, and charrette designated two-wheeled carts, 
and currus, curriculus, char, and chariot four-wheeled wagons.” 
Sources of the twelfth to fifteenth centuries are rigorous in their 
distinction between the charrette on the one hand and the char 
and chariot on the other. Only the latter vehicles are described as 
having four wheels.** Two-wheeled and four-wheeled vehicles 
each offer their own peculiar advantages; carts are able to turn in 
very short compass, but their equilibrium is unstable, which means 
that extra care is required in loading and harnessing. Then, too, 
because their weight is poised on two points only (two very large 
wheels), they require for the same load a harder surface than do 
wagons. Further, in parts of modern rural France, according to 
Capot-Rey, ** the capacity of the cart is approximately that of the 
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wagon, and the chariot can traverse meadows and inferior roads 
impracticable for the charrette with its large wheels and heavier 
axle load. For their part, chariots, even with the pivoted front axle, 
require a far larger space for turns, but they are more stable than 
carts, and capable of carrying bulkier articles. Thus in 1377 it 
was two chariots, each with six horses, that transported from St. 
Sauveur-le-Vicomte to Honfleur two large cannon, two small 
cannon, and two large iron grills.” 

In the Middle Ages the relative advantages of the cart and the 
wagon were not quite what they are at present, for there are 
significant differences between the present day French charrette 
and chariot and their medieval counterparts. For one thing, the 
modern chariot lorraine has front wheels smaller than those in the 
rear, but illustrations show that this idea came in only in the 
fifteenth century, apparently from Hungary.** Before this de- 
velopment the superior manoeuvrability of the cart must have been 
even more marked. On the other hand, the relative capacity of the 
medieval wagon was much larger than that of the medieval cart. 
If one may judge by tolls of the twelfth to fifteenth centuries from 
Paris, Harfleur, and Crépy, the chariot of the period usually carried 
twice the load of the cart, and occasionally more. In the early 
thirteenth century at Givors a wagon load was taxed at two and 
a half times, and at Sens at four times, a cart load.** Expense 
accounts confirm the evidence of tolls that chariots ordinarily 
carried larger loads than carts, for they indicate that more horses 
ordinarily were required to pull a wagon than a cart. One reads 
of two-horse and three-horse carts, and in 1358/9 the charges on 
the bridge at Rouen were 12d. for the first and 18d. for the 
second.”® Chars (chariots) were pulled by two, three, four, and 
frequently by five or even six horses. (Occasionally illustrations 
show a cart or a wagon pulled by one horse but this is compara- 
tively rare.) Very heavy loads might damage the roads. In 
England Parliament in 1618 complained that two-wheeled carts 
carrying 20 cwt. had been replaced by four-wheeled wagons 
hauling 100 cwt. which ruined the roads.*° 

Despite the advantages of other forms of transportation the four- 
wheeled wagon was much used in France in the later Middle Ages. 
Already in the eleventh century charters mention chariots. Thus 
in 1075 one of Philip I refers to carris vel carretis vel sagmariis— 
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chariots or carts or pack animals.** In the twelfth century there are 
notices, chiefly literary, of chariots, and a charter of Philip | 
fixes charges on a wagon to be paid to the canons of Notre Dame 
of Paris at twice that of a cart and four times that on a donkey.” 
However, in this century the only vehicles mentioned by six Ange- 
vin tolls are carts.** By the thirteenth century notices of chars are 
more frequent. In 1231 a royal military expedition was equipped 
with chariots, one to every fifty men.** Chariots were in use to 
carry goods from the river Oise to the fairs of Champagne ** and 
at Sens and at Givors. They are mentioned again and again in 
Boileau’s Livre des métiers, although by no means as frequently as 
are carts. The toll at Bapaume listed charges on chariots,** and 
Beaumanoir’s Coutumes de Beauvoisis explains that if chariots, carts, 
pack-horses, or men carrying loads encounter each other on a 
narrow road, the one least loaded, or with the least perishable 
stuff, should turn out.*7 On the other hand, in the thirteenth 
century in southern France even carts, but especially chariots, seem 
to have been rare, to judge from the toll lists.** In the fourteenth 
century there seems to have been an increase in vehicles in this 
area, for although between Marseille and Avignon pack animals, 
especially mules, continued as the chief means of transportation, 
chariots and carts nevertheless were also used.*® 

In the fourteenth century the ordinances for the king’s hétel 
also show an increase in the number of vehicles, and of chariots 
at the expense of carts. The departments of the household deprived 
of their carts by Philip IV in 1285/6 are found in subsequent 
ordinances again to be furnished with vehicles. Furthermore, 
whereas in 1285/6 only the chambre had a chariot, and vehicles 
attached to other departments were carts, in 1317 and 1328 two 
other divisions each had a wagon, and in 1380-1381 the accounts 
mention repairs to five chariots, each maintained for a different 
purpose.*° In the fourteenth and fifteenth centuries noble house- 
holds—such as those of the dukes of Burgundy and Orleans— 
employed chariots for similar reasons.** In the same period wagons 
were much used by professional carriers, for example, between 
Toulouse and Béarn, between Paris and Melun, and between Paris 
and Dijon.‘ 

The thirteenth century seems to have witnessed an increase in 
the number of chariots, not only for the transportation of goods 
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but for travel as well. In the eleventh and twelfth centuries by 
far the greatest number of pictures show passengers in two-wheeled 
vehicles, with four-wheeled chariots rare; in the thirteenth century 
both categories are well-represented; but in the fourteenth and 
fifteenth centuries travellers are almost always shown riding in 
four-wheeled chariots. The only passenger vehicles mentioned in 
the thirteenth century toll of Bapaume are carts carrying invalids 
or pilgrims, but later in the century there were so many chars in 
Paris that the king forbade their use to the bourgeoisie of that 
city.** In the thirteenth century there begin to be representations 
of chariots with canopies, a hint that riding in one was sufficiently 
common to induce the owner to decorate it. The increased use 
of passenger chariots is, of course, easily accounted for by the 
fact that they provided a more comfortable ride than did the cart, 
in which the equilibrium shifted as the horse raised or lowered his 
head; and the introduction into France of suspended chariots in 
the latter half of the fourteenth century provided additional 
comfort. 

The thesis of the absence of the turning train in the Middle 
Ages remains unproved. The theory attributes precision in detail 
to pictures drawn to point a moral or adorn a tale, and it is un- 
reasonable to judge the level of achievement of medieval tech- 
nology from artists’ drawings made for other purposes. There 
is a world of difference between the wheels in the didactic draw- 
ings illustrating the fabulist Prudentius’ Psychomachia, on which 
Lefebvre des Noéttes depended, and those in the highly sophisti- 
cated sketches of Villard of Honnecourt, practicing architect and 
technician of the thirteenth century. Illustrations do not with cer- 
tainty prove evidence for the pivoted front axle before the end, 
and expense accounts not before the middle, of the fourteenth cen- 
tury. However, ample evidence for the extensive use of four- 
wheeled chariots in the thirteenth to fifteenth centuries indicates 
that they must have been practical vehicles, able to meet the com- 
petition of other forms of land transportation; without the pivoted 
front axle this could scarcely have been the case. 
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The “Know-How” Tradition: 
Technology in American History 


JOHN B. RAE* 


THE EMERGENCE of the History of Technology as a discipline 
in its own right is an event to be hailed by all those who believe 
that the role of technology in the story of mankind needs more 
thorough study and more careful evaluation than it has so far 
received. It also provides an appropriate opportunity to consider 
the relationship of this subject to other areas of history. There is a 
great deal of valuable work being done and still to be done in the 
History of Technolog gy per se. No field of history, however, can 
usefully be dealt with in isolation; unless it is related to the whole 
current of historical change, it is likely to deteriorate into futile 
scholasticism. 

Having thus taken a firm stand for the “ seamless web ” concept 
of history I now propose to tear the web apart and deal with only 
a portion of it:—to wit, the portion comprising the history of the 
United States. For one thing, this is the area I know most about, 
for another, American society has been influenced to a unique 
degree by the forces of technology. 

Asa people we have given ample lip service to technology. Until 
a year or so ago it was an article of faith that Americans had an 
ingrained superiority in technical “ know-how,” and if we have 
lost a little of our self-confidence, it has been only a little. We 
have a completely justified pride in the achievement of American 
civilization in applying technology to the material advancement of 
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School of Industrial Management at M.I.T. and the Earhart Foundation. 
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its people, although our pride in this achievement has not been 
matched by understanding of how it came about. For many Ameri- 
cans, information on the growth of their country’s technology is 
about on the level of the conversation in a Pullman smoking room 
which Frederick L. Smith, one-time president of the Olds Motor 
Works, reported overhearing in the 1920’s.* 

“Who invented the automobile anyway? ” 

“Henry Ford. Started as a racer by beating Barney Oldfield 
on the ice at Detroit. Right away after that he built a plant to 
turn out the same kind of car in 50,000 lots.” 

“ Doesn’t he own the Lincoln now? ” 

“Yeah, owns the Lincoln and the Packard, Cadillac, Buick—all 
the big ones and a lot of the little ones besides.” 

“Ts it true about his taking over the Detroit City Hospital? ” 

“Tl say it’s true. Bought it and runs it for his employees. 
Charges everybody a fixed rate for every job and makes it pay.” 

I wish to suggest here that a clearer and more complete knowl- 
edge of the role of technology in American history is not merely 
desirable but necessary to a full understanding of the evolution of 
American civilization. In particular, unless adequate weight is 
given to the technological factor, it is completely impossible to give 
an accurate picture of the growth and character of American 
business enterprise. 

Before we go any further, we should perhaps try to define what 
we mean by technology. It is not easy to do so. Technology 
includes engineering, but the two are not synonymous, and no one 
who is concerned with curricular problems in present-day engi- 
neering colleges is likely to be bold enough to attempt to explain 
exactly where technology stops and science begins. I like the defi- 
nition of engineering formulated by President R. E. Doherty of 
the Carnegie Institute of Technology: 

“ Engineering is the art, based primarily upon training in mathe- 
matical and physical sciences, of utilizing economically the forces 
and materials of nature for the benefit of man.” * 

Technology may be regarded as comprehending trial-and-error 
and rule-of-thumb as well as the systematic application of scientific 
principles, which brings us close enough for practical purposes to 
the definition given by V. Gordon Childe in Singer’s History of 
Technology: 
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“ Technology should mean the study of those activities, directed 
to the satisfaction of human needs, which produce alterations in 
the material world.” * 


The technological aspect of American history comes to us mostly 
in unrelated fragments—the principal inventors and inventions, 
with at best casual reference to the circumstances which stimu- 
lated them; something of early industrial development, empha- 
sizing its political repercussions; railroad expansion, generally in 
terms of the organization of large systems; the growth of big busi- 
ness, again with political overtones. 

To cite one conspicuous example, every student of American 
history learns about the economic importance of the Erie Canal, 
but reference to the fact that the canal was a monumental engineer- 
ing achievement is likely to be incidental. It would not detract 
from the credit to which DeWitt Clinton is rightfully entitled if 
we recognized the work of Benjamin Wright and Canvass White 
or pointed out that the Erie Canal was the training school for a 
substantial group of brilliant civil engineers. 

However, merely enlarging the bits and pieces is not enough. A 
society which has been as profoundly influenced by technology as 
ours needs to be able to see how technology has been woven into 
the fabric of its national life. I do not propose to accomplish that 
in this paper. Even if space permitted, I do not possess any such 
encyclopedic information. All I can do is point out some of the 
factors which I consider to be of major importance. 

The first of these is the overwhelmingly pragmatic character of 
American technology. It is most appropriate that our favorite 
synonym for technical skill should be “ know-how,” because as a 
people we have placed a far higher premium on knowing how 
than on knowing why. The folk-heroes of American technology 
are the Edisons and the Fords, men with a minimum of formal 
training, dedicated to cut-and-try, lacking in scientific background, 
and inclined to be scornful of scientific method. Until well into 
the 20th century, Americans have been content to let most of the 
basic discoveries in science and technology originate in Europe 
while they themselves have followed a policy of “adapt, improve, 
and apply.” 

The reason for this phenomenon is obvious enough. The United 
States began as an undeveloped area, without benefit of a fairy 
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godmother distributing largesse in the form of economic aid or 
technical assistance. There was chronically more work to be done 
than there were people to do it, so that labor, particularly skilled 
labor, was likely to be in short supply and expensive. Securing 
trained ironworkers for the ironworks at Saugus, Massachusetts, in 
the 1640’s was one of the company’s most difficult problems,* and 
a century and a half later the high cost of craftsmen in the United 
States was a primary factor in stimulating Eli Whitney and Simeon 
North to turn their attention to the manufacture of firearms by a 
method which would permit the substitution of mechanical for 
human skill.° Similarly, while machine production of textiles began 
in the United States later than in Great Britain, the American 
industry mechanized more rapidly because of the need to employ 
techniques in which skill would be a minor factor.* For example, 
although Cartwright’s power loom appeared in England in the 
1780's, a good half century elapsed before mechanized weaving 
displaced the crafts technique in the British textile industry, in 
part because the power loom needed considerable refinement be- 
fore it could compete in quality with the work of the hand weaver. 
As a result, the weaving process in Great Britain was generally 
organized separately from the other operations of textile manufac- 
turing. On the other hand, when Francis Cabot Lowell designed 
his power loom in 1813, he and his associates developed it into a 
large-scale business enterprise in a little more than ten years. In 
characteristic fashion, cotton manufacturing by the “ Lowell sys- 
tem ” was organized on an integrated basis, with all the operations 
conducted in a single factory, a maximum of mechanization, and 
even a labor policy devised to meet the conditions of early nine- 
teenth century New England.’ 

American conditions, in other words, placed a high valuation 
on getting things done, preferably in the shortest possible time and 
with the minimum of human labor. The man who could devise a 
gadget or a technique which would work was making a recogniza- 
ble contribution to the growth of the country, whether he under- 
stood the fundamental principles he was using or not. One conse- 
quence was that to the end of the 19th century the relationship 
between science and technology in the United States was somewhat 
casual. Where science had a practical application, it was invoked. 


The invention of the telegraph depended heavily on Joseph 
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Henry’s research in magnetism—Morse, indeed, could hardly have 
succeeded without Henry’s assistance—and George H. Bissell in- 
voked the skill of Benjamin Silliman, Jr., the leading American 
chemist of his day, for an evaluation of the commercial possibilities 
of petroleum when the Pennsylvania oil fields began to attract 
attention. These contacts, however, were spasmodic and rare. 
There was little interest in accumulating scientific knowledge as 
a foundation for future technological advance and still less in accu- 
mulating such knowledge for its own sake. It was completely in 
accord with the pattern of American thought that when Congress 
undertook to promote higher technical education by the Morrill 
Act of 1862, it singled out agriculture and the mechanic arts as 
the areas to be given particular attention. 

This attitude has been subjected to substantial modification as 
our technology has become increasingly complex and increasingly 
dependent on science. Nevertheless, the emphasis on the practical 
still dominates American thinking, and its existence has to be 
recognized if we are to evaluate properly the place of technology 
in American history. Moreover, while we can concede that we 
have unduly neglected “ pure” or “basic” research in the past 
and now need to give it more vigorous encouragement, it does 
not follow that the American emphasis on the practical has been 
wrong. It was determined in the first place by circumstances; 
beyond that, if we recall our definition that technology is an 
activity directed to the satisfaction of human needs, then Ameri- 
can technology has been performing its function with phenomenal 
success. ‘“‘ Adapt, improve, and apply” may have less glamour 
than original creativity, but the technique of application may in 
itself be more significantly creative than the original idea or 
invention. In the reminiscences from which the story on Henry 
Ford came, the author also remarked—this in the late 1920’s— 
that since Karl Benz introduced spark ignition in 1886, nothing 
has been added to the gasoline automobile but the assembling 
of known parts.* Maybe so—but what has happened to the process 
of assembly, and the economic and social consequences thereof, 
makes quite a story. Nor does it follow that the pragmatic 
approach necessarily precludes research in fundamentals. Kendall 
Birr’s scholarly study of the General Electric Research Laboratory 
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makes it clear that a good deal of “basic” research grew out 
of efforts to find a solution to a specific problem.° 

The second major factor which could profitably be given more 
attention is the interrelationship between technological develop- 
ment and industrial application. While some work has been done 
on the problem of invention and innovation, this whole area needs 
more intensive research in order to untangle some of its complex 
of causes and effects. Technological change may and frequently 
does originate in an isolated act of genius, but its effectiveness 
in an economic sense is a matter of time and circumstances. A 
classic American illustration is George B. Selden’s patent on a 
motor vehicle powered by an internal combustion engine, for 
which he filed his application in 1879. This story cannot be told 
in detail here. It is sufficient to point out that Selden had worked 
out the essential technical features of the gasoline automobile 
but that he was unable to exploit his idea because he was ahead 
of his time. The highway system of the United States was totally 
inadequate to the demands of travel by motor vehicle: as late as 
1900 there was not enough paved road outside the big cities to 
make a continuous route from New York to Boston *°—a matter of 
just over 200 miles. Moreover, considerable development in manu- 
facturing techniques and machine tools was needed before a 
practical automobile could be successfully put into commercial 
production. So Selden, who might have been the father of the 
American automobile industry, became instead an obscure figure 
in an elaborate and much misunderstood lawsuit. 

The story of aluminum offers an even clearer illustration. The 
properties of the metal were known and some experimental work 
had been done in reducing aluminum ore before Charles Martin 
Hall and Paul L. T. Heroult independently and almost simultane- 
ously discovered the electrolytic process.** There had even been 
experiments with electrolysis, but a practical method of producing 
aluminum at a cost low enough to remove it from the list of 
precious metals had to wait for Charles S. Bradley’s electric fur- 
nace, patented in 1885,** and that in turn depended on the develop- 
ment of a dynamo capable of generating electric power in large 
quantities. Here indeed is an excellent example of the distinction 
between science and technology. Hans Christian Oersted isolated 
aluminum in his laboratory in 1825; industrial utilization had to 
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wait for over sixty years and the development of other separate 
technologies. 

My final point in this paper is that we must give more attention 
to the role of technology in the growth and organization of in- 
dustry. Our failure to do so in the past has resulted in misconcep- 
tions and distortions, particularly in the area of big business. 
Despite the very substantial amount of work which has been done 
in reappraising business and business men, the predominant attitude 
is still suspicion of bigness. We may acknowledge that large-scale 
organization has advantages in economy and efficiency of opera- 
tion, but in our hearts we continue to take it for granted that the 
creators of these organizations invariably had conscious mono- 
polistic intent or wished to manipulate security issues. We seldom 
inquire into the possible relationship between the growth and 
structure of the business and the technological processes in which 
it was engaged. 

It is not merely a question of reinterpreting past events in the 
light of new information. Much of the information has been 
available all along and has simply been disregarded. As a prime 
illustration, let me go back to the old familiar story of the Standard 
Oil Company. I have no intention of rewriting this story or of 
suggesting that railroad rate rebates no longer form part of the 
record—although I could argue that they have been badly over- 
worked. I simply wish to point out certain features which do not 
appear in the conventional picture handed down from the era of 
Henry D. Lloyd and Ida M. Tarbell. 

Historians agree that John D. Rockefeller owed much to his 
strategic position as the leading refiner in Cleveland—but how did 
he get to be the leading refiner in Cleveland? Lloyd sees a deep- 
seated, nefarious plot here, saying, “ He (Rockefeller) started a 
little refinery in Cleveland, hundreds of miles from the oil wells.” ** 
Since the distance from Cleveland to Oil City, Pennsylvania, is 
about 115 miles, and to Titusville only a little more, one might 
question the author’s standard of accuracy, but this is perhaps 
a digression. In the same passage Lloyd goes on to say: “ With 
him were his brother and an English mechanic. The mechanic was 
bought out later, as all the expert skill needed could be bought 
for wages, which were cheaper than dividends.” 

Now this “ English mechanic” whom Lloyd dismisses so cava- 
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lierly was none other than Samuel Andrews, a Rockefeller partner 
for fifteen years and a key figure in the early history of Standard 
Oil. He is described by Ida M. Tarbell as “a mechanical genius. He 
devised new processes, made a better quality of oil, got larger 
and larger percentages of refined from his crude,” ** and by Allan 
Nevins as “ the best superintending refiner in Cleveland.” ** Miss 
Tarbell is a little more lyrical; Dr. Nevins, on the other hand, 
makes the essential point that Rockefeller’s success was in no small 
part due to his ability to select gifted associates. In this case, 
Rockefeller seems entitled to full credit not only for appreciating 
Andrews’ skill but also for recognizing at the outset the necessity 
for being technically superior to his competitors. 

Miss Tarbell’s acknowledgment of Andrews’ merits does not 
extend to approval of Rockefeller and his company. While she 
is more aware of the technological side of the oil business than 
Lloyd, her emphasis is on the achievements of Standard’s oppo- 
nents like the Tidewater Pipe Line. There is no reference what- 
ever to Rockefeller’s support of Herman Frasch’s experiments 
in the late 1880’s with the heavily-sulfurated petroleum known 
as Lima-Indiana crude, experiments which represented the first 
large-scale application of chemical and engineering research to a 
refining problem in the United States. It was a gamble which 
could just as well have been a total loss and which no small firm 
could have risked, and while the outcome was highly profitable to 
Standard, the whole oil industry benefited as well—for one thing 
because in trying to find markets for the Indiana crude, Standard’s 
engineers and salesmen succeeded in giving a vigorous boost to the 
use of oil as an industrial fuel." 

If I seem to have spent undue effort criticizing two admittedly 
outdated works, it is because these books and others like them had 
a pronounced influence on public opinion and public policy. The 
evidence marshaled by the authors pointed to the conclusion that 
big business was inherently bad. There is no suggestion, for ex- 
ample, that the nature of the refining operation gave the large-scale 
organization an advantage which unavoidably meant that the lesser 
firms could not hope to compete successfully, although this fact 
was brought out in a contemporary analysis of Standard Oil."” 

The fact needs to be faced that it was the popular image of 
Standard Oil which was prosecuted and dissolved under the Sher- 
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man Anti-Trust Act, not the reality as it actually was in the early 
years of this century. Few people knew or cared what specific acts 
the company was charged with; Standard Oil had simply become 
the preeminent symbol of monopoly. Yet whatever prospect 
Standard had ever had of monopolizing the oil industry in the 
United States had disappeared irrevocably ten years before the 
Supreme Court’s decree of dissolution—specifically, on January 10, 
1901, when the gusher at Spindletop in Beaumont, Texas, started 
a new era in the history of the industry,’* and the Spindletop 
achievement was primarily a technological triumph. It combined 
Anthony F. Lucas’s informed guess about the domes on the East 
Texas coastal plain, based on his experience as a mining engineer, 
and the ingenuity of his drilling crew in devising new techniques 
to meet unfamiliar conditions. 

The automobile industry provides another illustration of a 
growth pattern largely determined by technology. So far the dis- 
appearance of the lesser automobile manufacturers has been a 
source of regret to those who cherish the memory of the Pierce- 
Arrow and the Marmon rather than a cause of public and govern- 
mental indignation, but this situation could change. There is a 
definite suggestion of trust-busting crusade in the recent decision 
of the Supreme Court holding that the DuPont Company’s stock 
ownership in General Motors was a violation of the Anti-Trust 
Laws.’ The company was adjudged to have violated Section 7 
of the Clayton Act forty years before, on the ground that its stock 
purchase might have restricted competition in selling paints and 
finishes to General Motors. The evidence that any such restriction 
occurred was not such as a historian would consider conclusive; the 
court, indeed, made such evidence irrelevant when it held that 
“The section (7 of the Clayton Act) is violated whether or not 
actual restraints or monopolies, or the substantial lessening of 
competition, have occurred or are intended.” The fact that Du 
Pont, working in cooperation with Charles F. Kettering, was first 
in the field with the quick drying finishes which broke a serious 
bottleneck in automobile production seems to have carried no 
weight whatsoever. 

I do not wish to suggest that the present organization of the 
industry is necessarily the best possible; we ought, however, to 
appreciate the fact that the prospect for the small producer became 
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gloomy as early as 1913, when Ford’s moving assembly line 
went into full-scale operation. This was a superior production 
process, but it was feasible only for a big organization. To put it 
another way, the widespread ownership of automobiles which is a 
distinctive feature of American society has been made possible by 
a technology which can be most effectively employed in what the 
economists like to call “oligopoly.” The manufacture of a car at 
a price within the reach of what Henry Ford referred to as “ the 
multitudes ” can be achieved only by mass production techniques. 
These require a tremendous investment in plant and equipment, 
and this investment in turn demands a high volume of sales. To 
cite a recent example, Ford Motor Company is reputed to have 
spent a quarter of a billion dollars in putting the Edsel on the 
market, with something less than unqualified success in spite of 
Ford’s production and marketing facilities. If an established firm 
can encounter difficulty in introducing a new make of automobile, 
then the prospect of complete newcomer getting a foothold in a 
fiercely competitive market is remote, except in the unlikely event 
of a radical change in automotive technology which the established 
companies chose to disregard.*° 

The technology of production has also had a direct influence 
on the organizational structure of specific firms. Alfred D. Chand- 
ler, Jr. has pointed out that since 1900 the major innovations in 
the techniques of management and control have come in the in- 
dustries most affected by the newer technologies, i. e., the applica- 
tion of chemistry and physics and the coming of electricity and 
the internal combustion engine.** To put it another way, the indus- 
trial processes which lend themselves most readily to diversification 
of product also stimulate decentralization of management. 

In recent years there has been a considerable volume of scholarly 
work in industrial history in which technology has been given its 
proper weight, but much more needs to be done. Apart from the 
numerous other areas of economic activity which could use similar 
studies,” there are some general problems on which we have barely 
scratched the surface. For example, such research as has been done 
on innovation indicates that while the technology of production 
generally favors the large firm, significant innovations are more 
likely to originate in the small ones,”* but we need to know much 
more than we do about the process of innovation. We cannot yet 











The “ Know-How Tradition 149 


make adequate comparisons of situations in which technological 
developments have come in response to immediate economic pres- 
sures with those in which a technological advance has stimulated 
a new industrial growth. In addition, it cannot be said that the 
recent work in industrial and technological history has as yet 
appreciably made its way into the main stream of historical thought. 

Historians of American technology have therefore a dual task 
to perform: first, to write the history of the technology itself; 
second, to have their findings incorporated into the total picture 
of American life. The attempt is worth making. We can all agree 
that science and technology occupy a vital place in our present- 
day civilization; we will agree equally that their importance is 
likely to increase in the future, unless they prevent us from having 
a future. A more thorough and accurate understanding of how 
they have influenced and been influenced by the American en- 
vironment is a desirable step toward an intelligent appreciation 
of what they may hold for us now. 
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A REPLY TO CYRIL STANLEY SMITH 
ON MAIL MAKING METHODS 


E. MARTIN BURGESS, F.S.A., F.I.1.C.* 


First, I sHouLp Like to thank the editors and Dr. Cyril Stanley 
Smith for so generously inviting me to reply to Dr. Smith’s most 
interesting article on mail* construction (Technology and Culture, 
I, 1 [Winter 1959/60], pp. 60-67). 

It is now over six years since my first article on mail appeared and 
eight years since the work embodied in it was done. We have learned 
much since 1953 and are constantly having to rethink our theories 
about the possible techniques employed to make mail and the con- 
ditions under which it was produced. 

I will start, therefore, by stating how the present thought about 
this subject differs from that first article published in the Antiquaries 
Journal for 1953. In the first place, we no longer believe that the 
early draw plate was of the swage type. Instead we now believe that 
a draw plate of the multi-hole type was used—usually for producing 
half-round wires. Round wire, a sign of degeneracy in mail, was not 
generally used until very late—after 1500. By 1600 mail was in decline 
in Western Europe. 

In the second place, we no longer believe that case hardening was 
used for mail, and it is of very great importance that Dr. Smith has 
found only soft iron with a little “right through” steel in the late 
period. It must be remembered that the shock of a blow sufficient to 
penetrate a dense soft iron mail would probably put the man who 
received it out of action in any case, because mail is a yielding structure. 

We still do not know when wire drawing started, but I would 
certainly not now say that “ the existence of mail in any civilization 
proves the use of wire drawing.” Roman mail, for instance, looks 
rather like oriental mail and is not, as far as can be seen, made with 
drawn wire. 

In 1953 we were looking for the simplest possible way of producing 
mail, so it was suggested that wire was wound on a mandrel fixed in 
a handle. This is a rather inefficient process when flat or half-round 
wire is being coiled. It is now believed that this wire could have 


* Mr. Burgess is in the Department of Egyptology, University College, London. 
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been coiled on a mandrel which passed through a hole in some metal 
structure. The flat of the wire would press against the metal surface 
near the hole, which would compel the wire to wind up on edge, and 
against a small ledge below the hole, which would compel the wire 
to wind tight, so that the free end of the wire did not have to be kept 
under tension as it was wound.” 

In discussing Dr. Smith’s article I should like to start by stressing 
two small but important points. The first is that oriental mail and 
mail from Western Europe cannot be lumped together and discussed 
together simply because they are both mail, any more than tweed 
and silk cloth can be lumped together and discussed together simply 
because they are both cloth. Even visual examination shows that 
oriental mail and mail from Western Europe are made by slightly 
different processes producing rather different results and that usually 
the oriental mail is inferior in quality. This inferiority is not only, 
or even mainly, in the construction of the individual rings but also 
in the build-up of the garment, shaping by increased and decreased 
rings usually being absent. In my studies I have confined myself more 
and more to Western Europe because we know more about the 
conditions under which mail was produced there and also because in 
any one garment from that region there is more to see. 

The second point is that we still cannot date mail with any accuracy 
greater than within fifty years by examination of structure. Even 
then such dating is only based on intelligent guess work. It is typo- 
logical dating, and, with this sort of material, typological dating can 
be, and often is, wildly inaccurate. Moreover, no one can as yet state 
with certainty the provenance of a piece of mail unless he has docu- 
mentary evidence. But such evidence is very rare, for mail and mail 
makers moved great distances. 

In spite of this, I should question some of Dr. Smith’s dates on 
typological grounds, even though I have not been able to examine 
the pieces. Alternate rows of riveted and whole rings of flat or half- 
round wire section are usually taken to be fourteenth or very early 
fifteenth century or before. I would tentatively place Dr. ‘Smith's 
specimen No. 4 before 1400. Whole rings of a rather more washer 
like form were used later (sixteenth century), but in conjunction 
with riveted rings of round wire of late type. Also, I doubt whether 
the coif of round wire, No. 14, is fourteenth century. 

Dr. Smith differs with me on two main constructional points: wire 
drawing and the manufacture of whole rings. I have never believed, 
and I hope I have never suggested, that early wire was made from 
thick section rod which had been hot rolled. I agree that in Western 
Europe it was probably cut from thick sheet and then drawn to the 
desired section. However, I would not go so far as to say that rolling 
could not have been used at any stage. By 1400 mail making and 
wire production were large industries with mass production and much 
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division of labour. The work was done in what we should now call 
small factories with heavy machinery driven by water power. I should 
like to call Dr. Smith’s attention to three sixteenth century illustra- 
tions. One shows a long wire being wound from one drum on to 
another and passing through a multi-hole draw plate fixed between 
them.* The second shows a man drawing wire through a large multi- 
hole draw plate with large two-handed pliers.° The third shows wire 
being wound on to a drum or roller of considerable diameter and 
great length which is being turned by a water wheel.° 

In an article on a mail shirt to be published in the Antiquaries Journal 
(Spring 1960), William Reid’s historical research* shows that the 
mail factory of 1400 under discussion also contained heavy machine 
driven by water power. It must be remembered that by 1400 all the 
skill required was certainly there; for instance, the mechanical clock 
with its trains of gear wheels nail been in existence for at least one 
hundred years. It is easy for us, who live in the atomic age, to fall 
into the trap of regarding the craftsmen of the fourteenth, fifteenth, 
and sixteenth centuries as primitive. It is a trap we knew about but 
one into which most of us had fallen to a greater or lesser extent 
until Mr. Reid’s recent research brought some new facts to light. 

The question of the production of the solid or whole rings is a 
much greater problem. Small whole rings are found on the necks 
of shirts and capes, to contract the edge, which can be seen to have 
been made by punching or drilling a hole and then clipping or chopping 
round it. Brass whole rings are also employed on the borders of 
garments which appear to be of the same character as the iron whole 
rings in the same garment. These brass whole rings could not have 
been hammer welded. It was for these reasons that we assumed that 
iron whole rings in Western Europe were made by punching. We 
have known for some time that welded rings were used in oriental 
mail because the welding is often so badly done that its presence can 
be seen at once. 

However, in Western European mail badly made welded rings 
have not so far been observed. Hammer welding i is the natural way 
for a blacksmith to join an iron ring, but if we are to believe that 
welding was usually employed for these whole rings, and often they 
are under 1 cm. in diameter, we have to find a process so sure that 
it never leaves obvious traces of a weld. It is true that the examples 
Dr. Smith shows, Figs. 1, 2 and 3, are of mail of the best period, 
when we can expect that poor rings would be discarded. The structure 
shown in Fig. 3 does not, as far as I can see, show a definite hammer 
weld. Such welds usually show in any case when corrosion has taken 
— Dr. Smith does not seem too sure about it either, for he says 

np. 61 “. .. for the streaks of slag or carbon segregation always run 
ciecmmfescatialiy This is hardly surprising, for the manufacture of 
suitably matched punches and dies would call for precision of work- 
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manship beyond that of the armourer.” The second part of this argu- 
ment we can discount, for if the armourer had wanted to make punches 
he certainly would have been able to. He was, after all, making quite 
complicated dies with his name and place of work on them in the 
negative for stamping the annular name rings to be included in the 
garment. These name rings were being produced by 1400. Shaped 
dies were also produced for stamping an armourer’s mark on the back 
of the rivets. These marks were often quite complicated and must 
have been carved in the die which was used to close the ring. 

The real reason why punching of the whole rings is rather unlikely 
is that it is so wasteful of the sheet iron being punched. All the centres 
and outsides have to be returned, remelted, and reforged. The circum- 
ferential slag streaks could be the result of drifting a small hole in a 
thick piece of metal and then stretching the ring on a mandrel. | 
do not think this is a likely technique, but it is possible. I am much 
more inclined to think, with Dr. Smith, that the rings were welded, 
but at the moment I cannot be sure, and I do not think they were 
always welded. Perhaps some more sections would show a definite 
weld line. We should also have to make some rings ourselves, pro- 
ducing exactly the same results, and then section them before we knew 
the correct technique. I do not agree with Dr. Smith that the half- 
round section of the whole rings was produced by abrasion and not 
with a die. I have whole rings in my possession which have clearly 
been hammered into a die. In one case the wire was a little too thick 
and has been squeezed over the sides of the die, forming a T section. 
The use of files can be counted out, because when craftsmen have to 
make their own files they are not used more than necessary. The rings 
would probably be barrelled in a rotating rumbler with abrasive. This 
was the method used for cleaning and polishing finished mail. 

Nor can I agree with Dr. Smith when he says (p. 67) that he 
believes hand punches and sets were used. I feel as strongly now as 
I did when I was making mail in 1951-52 that the rivet hole must be 
drifted by a slow squeezing action and that the swaging of the rivet 
joint must be done by dies moving in relation to each other. As for 
the tools I suggested being more at home in a nineteenth century 
jeweller’s shop, I should expect to find most of the jeweller’s tools, 
apart from twist drills and gas torches, in the armourer’s shop—and 
a lot of other tools as well. 

I should like to close by saying how valuable Dr. Smith’s work is. 
This is the first written reply and comment that has been made on 
my work, and answering it has been most stimulating. I hope more 
will be done, for Dr. Smith is so right when he says that other branches 
of metal work “sorely need critical examination on a metallographic 
basis.” 
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U. S. PATENT OFFICE RECORDS AS SOURCES 
FOR THE HISTORY OF INVENTION AND 
TECHNOLOGICAL PROPERTY 


NATHAN REINGOLD®* 


THE RECORDS of the United States Patent Office remain largely 
unexplored by historians of technology despite the fact that they 
represent a tremendous body of original source material for the years 
1790 to the present. Part of the explanation for the comparative neglect 
is the very volume and complexity of the records; yet other Federal 
records of greater complexity are not so immune to historical research. 
Aside from the question of the relative youthfulness of the history of 
technology, two factors are probably responsible for the little use made 
of the records. For one thing, they constitute the largest and most 
significant body of Federal central office records of the past century 


not yet completely in the National Archives.? Split between three | 


administrative entities, the patent records are, in part, intermingled 
with trade mark documents; the inter-relations of the various series 
are not always clear; and there are significant gaps and omissions. 
Second, and most important, the records are uneven in quality or, 
rather, one kind of record fruitful for a specific type of research will 
disappoint a scholar with an entirely different problem. What follows 
is a general account of the Patent Office archives emphasizing the 
principal research opportunities afforded by each class of records. But 
before indulging in specifics, it will be necessary to understand certain 
characteristics of the patent system and its records. 

A patent is a special kind of property right, a monopoly grant of 
limited duration for the material version (i. e., device, process, or com- 
bination of matter) of an idea. Not all patents are for great inventions, 
great in terms of originality or of impact on the economy. The subjects 
of patents range from abstruse developments in atomic physics, elec- 
tronics, and chemistry to fortune-telling crystal balls, from revolu- 
tionary changes to minor adaptations in existing devices. Nor is there 
any certainty that a patent will even be used. The issuance of a patent 


* Dr. Reingold is Science Bibliographer in the Science and Technology Division 
of the Library of Congress. 
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simply means that the language of the patent specifications met what- 
ever standards of patentability were in effect at a given time. 

One of the principal functions of government in Western nations 
is the awarding of property rights and their protection. National 
traditions in the United States favor easy access to property and also 
place the inventor on a high pedestal. As a result, the patent system 
has tended towards leniency in judging patentability. By and large 
the 2,900,000-odd U. S. patents represent an extraordinary catalog of 
our material civilization, not a classified guide to human progress. 
Research in the Patent Office records is often frustrating because one 
comes expecting invention and finds property, because one seeks 
evidences of intellectual breakthroughs and usually finds the bric-a-brac 
of our industrial society. 

At each stage of the administrative processing of the application 
for the property grant, distinctive types of records are created. These 
records contain three classes of information: (1) data on the process 
of invention—how the perception of a need was transformed into a 
concrete solution; (2) data on the legal and administrative doctrines 
and procedures involved in adjudicating claims for patents; (3) data 
on how the invention fared in the market place. The first relates to 
the process of technological discovery, the last two to property and 
its use. While the sources for the second class are the most voluminous, 
the relatively few files containing information on the process of in- 
vention and on the economic history of the discovery are likely to 
have greater long-range significance ‘for the historian of technology. 
Nevertheless, the records relating to patent law and procedures have 
considerable merit in their own “right and warrant careful study by 
historians. 

The records of the U. S. Patent Office are described below in two 
chronological blocks: 1790-1836 and 1836-present. The former are 
relatively scarce and constitute a special case; the latter are the vast 
majority of the documentation in question. Since the records pertain 
to specific Patent Office functions or procedural steps, they are best 
understood in those contexts and are so discussed. 


Recorps OF THE Periop 1790-1836 


The first patent act, that of April 10, 1790 (1 Stat. 109), vested 
authority to grant patents in a cabinet board (Secretary of State, 
Secretary of War, and Attorney General) which examined the merits 
of applications for patents. Under the terms of the act of February 21, 
1793 (1 Stat. 318) the board was succeeded by a registration system 
in which the validity of the grants was determined by the courts, 
the issuance of letters patent signifying little more than compli- 
ance with formalities. This law remained in effect until 1836. Un- 
fortunately, the records of this period were all destroyed by a fire 
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on the night of December 14-15, 1836. A few records about the Patent 
Office prior to the fire of 1836 are in the Miscellaneous and Domestic 
Letters of the State Department in the National Archives and in the 
Papers of William Thornton, Superintendent of Patents, 1802-28, in 
the Manuscript Division of the Library of Congress. In 1837 the 
Patent Office embarked upon a program to “restore” the destroyed 
records and models. As a result there came into existence several 
series of records which are presumably copies of items in the possession 
of inventors and other private individuals or based upon such materials. 
The National Archives has 10 linear feet of very handsome drawings 
of patents, 1791-1836 with gaps, prepared during the years 1837-45; 
10 volumes of “ Patent Heads,” 1794-1835 (forms recording the grant- 
ing of patents); and 10 linear inches of reconstructed patent application 
files for the years 1808-36. The Patent Office has 30 volumes of fair 
copies of restored patent specifications, 1790-1836, in which are in- 
serted a few original documents; 14 volumes of restored reissue patent 
specifications, ca. 1836-40; and 10 volumes of Assignments of Restored 
Patents, 1794-1854 (i.e. transfers of title records). Restored patent 
records require careful use because they are mostly copies of unavail- 
able originals and do not constitute a complete recreation of the lost 
records. 


Recorps SINCE 1836 


These documents, in contrast to the earlier records, constitute an 
unbroken, nearly complete sequence. The present patent system was 
established by an act of July 4, 1836 (5 Stat. 117). While subject to 
extensive amendment and revision, the basic pattern of the law is 
still operative. From 1836 to the present the Office has examined appli- 
cations to determine their formal and substantive validity. Because of 
the essential similarity of the procedure since 1836, the records often 
display a unity of kind which simplifies research to some extent. There 
are several large, long-time series of records, some dating from 1836 
to the present, which are the heart of the Patent Office documentation. 
Mastery of these is necessary for research in the history of technology 
in the nineteenth and twentieth centuries. A word of caution, however: 
as one goes to both ends of the time scale 1836-1959, the Patent Office 
documentation has characteristics and singularities which may lead 
the unwary researcher astray. At the early end of the time scale, 
roughly to 1870, the records dimly reflect a situation in which law, 
legal precedents, and administrative procedures were developing by 
trial and error. The 1870 date is arbitrarily selected because of the 
passage of the act of July 8, 1870 (16 Stat. 198) revising and codifying 
the patent statutes. Hence the early files are neither as formalized nor 
as complete as later records, while at the recent end of the time-scale 
the records show some slight effects of the mechanization of routine 
clerical operations. 
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A. Control of Applications 


Upon receipt by the Patent Office an application is registered. Prior 
to the 1870’s this was done in name index volumes. Since the 1870’s 
the applications are given a serial number and controlled in a numerical 
register as well as the name index. The serial number is the basic 
control on applications during their examination by the Patent Office.’ 
The entries, at best, give little more than the name of the inventor, the 
title of his invention, the date of receipt, and the date of forwarding 
to the examiner. Only since 1925 do these records show whether or 
not the application was approved. 


B. Ex Parte Records 


Originally the application for a patent was in three parts: (1) written 
—a petition for a patent grant, accompanied by specifications describing 
the invention, and an oath; (2) graphic—a specification drawing or 
drawings; and (3) three dimensional—a model of the device, where 
applicable. Since 1880 models have not been required except in unusual 
circumstances. (An unfounded rumor has it that the Patent Office 
will only consider an application for a patent on a perpetual motion 
machine if accompanied by a working model.) When the examining 
process is completed, the patent application file, consisting of the 
written application and documents created during the examination, 
has two possible fates. If a patent is issued, it becomes a “ Patented 
File”; if not, it becomes an “ Abandoned File.” What follows is a 
discussion of the former, the approved Patent Application Files. 

The more than 2,900,000 Patented Files span the period 1836 to 
the present and amount to approximately 54,000 cubic feet. They 
are arranged numerically by the patent number assigned to each file 
in the order of issuance of the patent grant. A typical file consists 
of a jacket on which is recorded the steps in the administrative pro- 
ceeding. If the file is complete (and most files since 1870 are), there 
should be a document or documents corresponding to each jacket 
entry. The first document after the application itself is usually a 
rejection by the examiner of one or more claims of the inventor. (It 
is very rare for a patent to issue exactly as submitted.) A rejection 
could be based on a formality, on unpatentability of the subject 
matter, or on lack of novelty, or some other reason. This is, of course, 
a great over-simplification of the situation, but patent law is beyond 
the scope of this article. To the rejection, the inventor (or more 
usually his attorney) responds with amendments of the application 
or arguments countering points in the rejection. This continues until 
such time as the application is abandoned or patented. In the latter 
case the file then contains a copy of the printed patent, about which 
more later. 

The early Patented Files are rather thin in content, often lacking 
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the jacket notations and many of the rejection and amendment letters. 
Some do not contain the original application, since the Patent Office 
in its early days copied the approved specifications into record volumes 
and returned the original specifications to the inventor. The de- 
ficiencies of these records are unfortunate, for many legal and pro- 
cedural aspects of the current patent system derive from 1836-70 
precedents. 

Another flaw in the documentation is the absence of memoranda 
by the examiners about interviews with attorneys during the ex parte 
proceedings. It is quite puzzling to the historian to read vigorous 
rejections of claims and then to see in the next document that the 
claims are accepted without question following a visit from the in- 
ventor’s attorney. Rule of Practice 133 of the Patent Office now 
requires a written statement by the applicant of reasons for recon- 
siderations made in interviews. 

The principal characteristic of the Patented Files is that they do not 
document the process of invention; instead, they resemble an editorial 
conference in which the editor (the patent examiner) and the author 
(the inventor or his patent attorney) have a dialogue about the revision 
of a text (the specifications). When both parties agree, or, rather, 
cease objecting, the text is issued. If no agreement is reached, the 
application is abandoned. Issuance of the text is the overt sign of the 
award of a property right. Presumably, the act of invention is com- 
plete by the time the application is filed. Records created during the 
examining procedure rarely contain any specific information about 
how the inventor became interested in discovering a particular inven- 
tion, how he perceived the idea for the invention, how the idea was 
“reduced to practice,” and what the inventor thought was most 
significant about his invention. Nor do the Patented Files contain 
information on how the invention fared in the market place or if the 
invention was ever placed in use. In general the greater the dispute 
over issuance, the greater is the possibility of finding such information 
in the Patented Files. On the basis of rather extensive samplings, | 
feel that the possibility is not a promising one, even if implicit content 
is added to specific references. This is so because what is under review 
in a Patented File is a description of a supposed novelty. The device 
itself remains unchanged throughout the examining process. 

However, this is not meant to imply that the examining process is 
not significant. Perhaps the best way of gauging the significance is 
comparison with another Federal “ patent’ granting operation, that 
of the former General Land Office. A land patent application is for 
a tract specifically defined by a cadastral survey, and approval of the 
application depends solely on compliance with the formalities govern- 
ing the particular type of land grant in question. 

Although formal questions are quite important in invention patents 
(after all, they may block issuance), the greatest significance of the 
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Patented Files is that they show concretely how the dimensions of 
the property grant are determined. Patent examining is not a mechani- 
cal process but almost an art. At the heart of the operation is the 
patent examiner, historically an overworked and underpaid civil ser- 
vant. The applications he scrutinizes are couched in language designed 
to yield the broadest patent property grant. Limiting the boundaries 
to their just dimensions is the crux of the examiner’s work. The 
examiner-editor has quasi-judicial powers in appraising the novelty 
of the invention, and the resulting patent language may have great 
economic significance when the patent owner goes into the market 
place. 

As mentioned earlier, the patent applications are accompanied by 
drawings (and, until 1880, by models). The drawings as issued (which 
may, in a few instances, markedly differ from the original submission) 
are preserved as part of the Patent Office’s permanent records. For 
the years 1836-70 they occupy 248 linear feet in the National Archives. 
The models have a long and curious history,’ but all that need be said 
here is that they are no longer part of the Patent Office record system, 
much to the detriment of research in the history of technology. 
Abandonment of the requirement for models is somehow related with 
the decay of the obligation to consider whether an invention was 
“sufficiently useful and important,” in the words of Section 7 of the 
1836 act. Dispersal of the model collection probably resulted from a 
desire to avoid an onerous task. 

Two other ex parte records deserve notice. When a patent grant 
is inadvertently defective, the holder may apply for a reissue patent, 
which is a corrected grant for the unexpired term of the original 
patent. The Reissue Patented Files date from 1838 to the present, but 
since their contents are wholly formal in nature, they are even less 
fruitful than the Patented Files for studies of invention. These files 
are further evidence of the non-mechanical nature of the examining 
process. A repealed section of the 1836 statute permitted the annexing 
of additional claims (“ Added Improvements”) to patents after issu- 
ance. Drawings of the Added Improvements, 1836-61, 10 linear feet, 
are in the National Archives, while two volumes of the record copies 
of the Added Improvement Specifications are in the Patent Office 
Library. 


C. Inter Parte and Appeals Records 


When two or more inventors claim substantially the same invention, 
the Patent Office determines the question of priority by an interference 
proceeding. Approximately one per cent of all applications at the 
present time are declared in interference, and the percentage for the 
last century is thought to be lower. Currently, about 25 per cent of 
the interferences are contested; the remainder are dissolved for various 
formal reasons (i. e., one party, for reasons not stated, simply does not 
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respond and loses) and terminated without trial. The uncontested 
Interference Files are thin in content. Not so their contested brothers, 
Since less than one per cent of recent interferences (most likely even 
less in earlier period) are appealed to the courts, the contents of these 
files are probably unique. 

Unlike the examining procedure which is ex parte, an interference 
is an adversary proceeding now conducted before a three-man Board 
of Patent Interferences. If the parties elect to contest, briefs, dis- 
positions, affidavits, and exhibits may be submitted.* Both parties can 
take testimony subject to cross-examination. Rules of procedure in 
effect are analogous to the rules governing the conduct of civil suits 
in Federal courts. Contested Interference Files contain considerable 
biographical information on inventors, on how inventions were con- 
ceived and developed, and, sometimes, on how inventions were first 
put into use. Comments and opinions of the interference examiners 
are frequently illuminating. 

Here is one of the great sources for the study of invention, and of 
that highly significant phenomenon: multiple, near-simultaneous in- 
vention. The random, all-inclusive nature of the patent system is a 
real asset to the research potential of these records. For there has been 
no attempt to select files for a given field whose characteristics may 
be unique, no segregation of a few “significant” inventions or in- 
ventors, no concentration upon a delimited period; simply instance 
after instance of multiple invention. Over and above their merits as 
sources for information about individual inventors and inventions, the 
contested Interference Files afford scholars extraordinary opportunities 
for research on the process of invention itself. 

The records are presently split into “flat” files and “ Phoenix” 
files. The flat files are thinner dossiers which, since 1900, were main- 
tained unfolded. Phoenix files are voluminous files stored in so-called 
Phoenix boxes, a trade name. It is hard to estimate the exact quantity 
of these records since they are intermingled with trademark, desiga, 
extension, and appeals files. Known bodies of such records for the 
period 1836-1928 occupy 5320 cubic feet in the Federal Records 
Center. On the basis of samplings, I estimate that when the contested 
interferences are segregated they will roughly amount to 1300 cubic 
feet. But until the records are rearranged, any extensive research is 
likely to be arduous indeed. Essential for any research in the Inter- 
ference Files are the approximately 90 volumes of Interference Regis- 
ters, 1836 to date, equivalent to a court docket, and the 9 volumes of 
the Interference Record (an index to the interferences), ca. 1863 to 
1925 and its card continuation, 1926 to date. 

Another type of Patent Office record of great value is the Extension 
File. The 1836 act granted patent rights for only 14 years but provided 
in Section 18 for a seven year extension if the “patentee, without 
neglect or fault on his part, having failed to obtain, from the use and 
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sted sale of his invention a reasonable remuneration for the time, ingenuity, 
ers, and expense bestowed upon the same, and the introduction thereof 
ven into use.” Patentees had to furnish the ascertained value of the inven- 
1ese tion and data on receipts and expenditures. Further, an adversary could 
contest the proposed extension and offer counter-evidence. Until 
nce 1848 extension proceedings were conducted before a board consisting 
ard of the Secretary of State, the Commissioner of Patents, and the Solicitor 
dis- of the Treasury. After that date the Commissioner alone decided 
can extensions. In 1861 (12 Stat. 246) the term of patents was changed to 
in 17 years, and the right of extension was abolished for patents issued 
its thereafter. Legislation in 1870 (16 Stat. 198) codified the laws on 
ble extension for patents issued prior to the 1861 act. An act of Congress 
on- is now necessary to open extension proceedings for 17-year patents. 
irst What we have here are attempts to evaluate the uniqueness of an 
ers invention and to place a monetary value on the uniqueness; 50 cubic 
feet of Extension Files, ca. 1836-75, are segregated. Among the in- 
of | ventors for whom there are such records are Samuel Colt, George H. 
in- Corliss, Charles Goodyear, R. M. Hoe, Elias Howe, Cyrus H. Mc- 
Sa Cormick, S. F. B. Morse, I. M. Singer, and Linus Yale. Many Extension 
een Files are intermingled with the Interference Files. In addition, there 
ay are five volumes of records of extension grants, 1839-87, and an index 
in- volume to the case files. 
1ce Over the years the Patent Office has developed a very interesting 
as administrative appeals procedure. The Office’s actions are also subject 
the ) to suits for redress in the Federal courts. Perhaps the most significant 
jes | record of these internal and external appeals is the Commissioner’s 
Decisions, approximately 173 volumes, 1853 to date, which contain 
x” many unpublished decisions of great interest for particular cases and 
in- | for the study of the development of patent law. Other records of 
led this nature are the docket-type six volumes of Appeals to Examiner- 
ity | in-Chief, 1873-1923 and the Appeals to Commissioner and Court, eight 
m, | volumes, 1885 to date. Old appeals case files are also scattered among 
he the interferences, and records of appeals proceedings can also be found 
rds in the Patented and Interference Files. 
ed 
yic D. Issuance Records 
is When an application is finally approved, the inventor receives the 
r- | letters patent, a notice appears in the Official Gazette of the Patent 
IS- Office (since 1872), and a printed copy of the specification text and 
of drawing are produced (since 1867). Letters patent are the property 
to | of the patent holder and only appear in Federal records in the Reissue 
Patented Files accompany ing the application for a reissue patent. 
on Printed ore are what is most frequently cited in the literature as 
ed | “ patents ’ ‘patent records.” A record set of the printed patents 
ut is in the ieee Office Library. Prior to 1872 the agency kept a manu- 


nd script record of patent specifications in bound volumes (although 
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printing of patents had started in 1867) and published descriptions 
of patents in the Annual Reports. All of the texts of printed patents 
for the pre-1867 inventions are probably transcriptions of the texts 
in these volumes made many years afterwards, some as late as the first 
decade of this century. While the printed texts of pre-1867 patents 
are undoubtedly accurate in the main, scholars might very well check 
the specification language against the wording of the original letters 
patent if available, any application records in the Patented File, the 
descriptions, if any, in the Aznual Reports of the Patent Office, and 
the twelve surviving volumes of text transcriptions. 


E. Assignment Records 


These relate to transfer of property rights in patents and in pending 
applications. Patent Office functions in this respect are analogous to 
the operations of a local Register of Deeds. Two principal records 
are maintained. First, there are record copies of the documents assign- 
ing and transferring property in patents; for the period 1836-1929 these 
amount to 3,666 volumes. Most of the Patent Office official business 
and most historical researches are satisfied by recourse to the Digests 
of Assignments which succinctly show who transferred title, to whom, 
and under what conditions. For the period ca. 1834-1925 there are 
321 volumes of Digests.’ Various indices facilitate location of pertinent 
entries. Information in the assignments ranges from elaborate financial 
details to cryptic legalisms (“one dollar and other considerations”). 
Yet so much useful historical data has been extracted from other 
property records that it is safe to predict that the assignment records 
will prove exceedingly valuable. Someone might well use the records 
for a statistical study of the financial rewards of invention. 


F. Abandoned Files 


The contents of the Abandoned Files differ from the Patented Files 
only in that the examiner-editor and the inventor-author could not 
agree on a suitable text. Since the overwhelming majority of the dis- 
agreements derive from lack of merit of the applicant’s device (i.e., 
lack of novelty, unpatentability of subject matter, etc.), Congress in 
1930 authorized the disposal of the Abandoned Files after twenty years. 
Presumably, the Patent Office saved a few files as historical samples. 
The best official sources of information about unsuccessful patent 
applications are in the Interference Files or Federal Court records if 
the inventor appealed. 


G. Records of the Office of the Commissioner 


The early Commissioners of Patents were often interesting figures 
in their own right, and they were quite active in the promotion of 
the arts and sciences. The first Commissioner, Henry Ellsworth, 
inaugurated the agricultural work of the Federal Government. A suc- 
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cessor, Thomas Ewbank, is a good example of a nineteenth century 
polymath. Research on these men and their activities is hampered 
by the loss and destruction of a once extensive file of administrative 
correspondence for the years 1836-77. Only a few pre-Civil War 
volumes concerning agriculture are known to survive. Private papers, 
such as those of Commissioners Edmund Burke and Charles Mason 
in the Manuscript Division of the Library of Congress, only partially 
fill the gap. 


H. General Control Records 


How does one locate a particular patent or a class of patents among 
the more than 2,900,000 issued to date? The patents (i.e., the printed 
patent and the Patented Files) are arranged numerically by patent 
number. Given the exact or approximate date of issuance, patent 
numbers are easily found.* For the period prior to 1872 when the 
Official Gazette appeared, the Annual Reports are the basic finding 
aid for name searches. A three-volume subject index for the period 
1790-1873 is quite useful if due allowance is made for the semantic 
problems presented by the subject headings.*® Since 1872 the Patent 
Office has issued an annual name and subject index to patents. Appli- 
cation Branch name indexes are an “ Inventor’s Index” for the patent 
system since 1836 but of limited utility prior to 1925, since the om of 
applications was not entered. 

The requirements of the search for prior art by the examiners early 
led to attempts at subject classification of patents beyond the elemental 
titles used in the Annual Reports and Indexes. As a result the Patent 
Office developed over the years a highly complex classification of the 
subject matter of inventions. The Library of the Patent Office has 
a set of printed patents arranged according to the classification scheme 
which may prove useful if elements of the classification coincide with 
a particular research need. Classification information for each patent 
is on a set of IBM cards, and the Patent Office will, for a moderate fee, 
furnish the patent numbers within any given subclassification or within 
a given time period for any subclassification. 


HH KKH 


Records of the U.S. Patent Office thus contain a considerable amount 
of unpublished information concerning inventors and inventions. None 
of the three principal groups interested in patents has successfully 
utilized these documents. Patent examiners and attorneys have dipped 
into the records on a small scale and have produced some notable 
articles in the Journal of the Patent Office Society. Unfortunately, 
too many of the works of this group are too centered on Patent Office 
procedures and the minutiae of patent law. Historians of science and 
technology have largely confined their efforts to the printed patents 
and the Patented Files, if they have used patent records at all. A 
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goodly number of lawyers and economists are interested in patents 
because of their relation to anti-trust problems and to the question of 
economic growth. Indeed, these matters have occupied Congressional 
groups since the New Deal. With rare exceptions the lawyers and 
economists are satisfied by printed sources or the trial records in anti- 
trust prosecutions which may contain reproductions of patent records, 
One reason for their lack of research in the Patent Office documenta- 
tion is that they usually focus on events in the market place after 
issuance of the grant. What is really needed is research in the records 
combining the outlooks and knowledge of all three groups." 

Research in the Patent Office records is complicated by the fact that 
they derive from an extraordinary legal metaphysics originating in 
a folklore on inventors, progress, discovery, property, and the like. 
We do not really know the relations between this metaphysics and 
folklore and the realities of technology. Nor do the patent records 
contain all the information necessary for the analysis of the meta- 
physics and the folklore, for the discovery of all the details of techno- 
logical advance, and for the elucidation of the relations between patent 
property and invention. Nevertheless, use of the records is essential 
for meaningful study of the history of technology in the nineteenth 
and twentieth centuries. Great discoveries and new challenges await 
historians who venture into the vastness of this little-used body of 
primary source materials. 
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RECORDS OF ELI WHITNEY’S COTTON GIN PATENT 


P. J. FEDERICO®* 


Some confusion has existed concerning Eli Whitney’s patent for the 
cotton gin and the texts of the papers relating to the patent. Mirsky 
and Nevins?! refer to the destruction of Whitney’s papers in 1795 
and the destruction of the Patent Office records in 1836, describe 
copies of a detailed description of the gin and of a condensed version, 
and indicate that the drawings are missing; other than copying the 
short description in an appendix the matter is not pursued further. 
Lewton * gathered a large amount of information concerning existing 
descriptions, drawings, and models of the original gin and pointed 
out inconsistencies and gaps. Older writers referred to by Lewton 
exhibit some misunderstanding and lack of information. 

Consideration of the requirements of the patent law in Whitney’s 
day, the methods used by the Patent Office in restoring records lost by 
the fire of 1836, and study of existing papers will resolve most if not all 
of the confusion and discrepancies. This is attempted in the present 
note, which is limited to identifying the texts of the papers and show- 
ing the sources of a recent Patent Office publication. In August of 
1959 the United States Patent Office published for the first time the 
specification of the patent issued to Eli Whitney for his invention of 
the cotton gin, together with a copy of the original patent drawing. 
The patent grant itself was also included in the publication. 

A patent is a grant by the government of certain exclusive rights 
to the inventor; a physical document granting these rights is made 
out, signed, sealed, and delivered to the inventor. The form and 
content of this patent document have varied in different periods, as 
have the requirements and procedures for obtaining a patent.* Whit- 
ney’s patent was issued under the Patent Act of February 21, 1793, 
which replaced the first United States patent act, of April 10, 1790. 
There was no Patent Office, the business of issuing patents being 
handled in the office of the Secretary of State. In order to receive a 
patent the statute required the following of the inventor: 

(1) A petition to the Secretary of State; this was merely a formal 
request for a patent. 


(2) An oath or affirmation that he believed himself to be the true 
inventor. 


* Mr. Federico is Examiner-in-Chief and member of Board of Appeals of the 
United States Patent Office. He is the author of many articles in the field of 
patent law and Patent Office activities. 


168 


usi 
ex: 


t 
I 
( 
1 
( 
{ 
| 





cy | 


eC. 
— 


1H — OD) WN 


~ 


awe 6 





Research Notes 169 


(3) “A written description of his invention and of the manner of 
using, or process of compounding the same, in such full, clear, and 
exact terms as to . . . enable any person skilled in the art or science 
of which it is a branch, or with which it is most nearly connected, 
to make, compound, and use the same.” This description was required 
to be signed by the inventor and attested by two witnesses. Commonly, 
in preparing the papers, the oath referred to under (2) would accom- 
pany the description and refer to it to identify the subject matter 
sworn to. 


(4) Drawings with written references, when the nature of the case 
admitted of drawings. 


(5) A fee of $30.00 which was to be paid to the Treasury and a 
receipt presented with the petition. 


In addition to the above, the filing of which were prerequisites to 
receiving a patent, in all cases, the inventor was also required to 
“deliver a model of his machine, provided the Secretary shall deem 
such model to be necessary.” Models were required in practically all 
cases admitting of a model. 

There was no examination of applications for patent as there is today, 
but patents were issued as a matter of course on compliance with the 
above requirements.® The statute required the patent document, re- 
ferring to it as the “Letters Patent,” to contain “a short description 
of the said invention or discovery” and a grant to the “ petitioner 
or petitioners, his, her, or their heirs, administrators, or assigns, for a 
term not exceeding fourteen years, the full exclusive right and liberty 
of making, constructing, using, and vending to others to be used, the 
said invention or discovery.” When the Secretary of State had made 
out the patent, he was to deliver it to the Attorney-General to be 
examined, “ who, within fifteen days after such delivery, if he finds 
the same conformable to this act, shall certify accordingly at the foot 
thereof, and return the same to the Secretary of State.” ® The Secre- 
tary then presented the document to the President to be signed, and 
affixed the seal of the United States to it. Before delivering the “ Letters 
Patent ” to the inventor, it was to be recorded in a book to be kept 
for that purpose. 

Particular attention is directed to the references in the statute to 
two descriptions: the complete “ written description ” to be furnished 
by the inventor, and the “ short description” to be incorporated in 
the patent document. The former, which corresponds to the specifica- 
tion required by the present law, was not attached to the patent 
document. According to the statute it was to be “ filed in the office 
of the Secretary of State, and certified copies thereof shall be competent 
evidence in all Courts, where any matter or thing, touching such 
patent right shall come in question.” The short description, to be 
incorporated in the patent document, was presumably for the purpose 
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of identifying the subject matter of the grant. In making up the 
patent document, the Secretary of State could himself prepare a con- 
densed description, or have it prepared in his office, and incorporate 
it in the body of the grant; and this appears to have been done under 
the Act of 1790 and for a short time under the Act of 1793. With 
this method the document would consist of one sheet only, and the 
short description might be merely a long descriptive title. However, 
on March 17, 1793, Thomas Jefferson, who was then Secretary of 
State, sent a memorandum * to the Attorney-General proposing a new 
form for the patent “ certificate.” He suggested that the short descrip- 
tion be placed on a separate sheet, which he referred to as a “ schedule,” 
annexed to and forming part of the letters patent. He gave two 
advantages: first, the very language of the petitioner could be used 
without “ legal defects or “grammatical improprieties ” being attributed 
to them; and, second, it would permit the use of printed forms, with 
blanks for insertion of the name of the inventor and the title of the 
invention. This new style was adopted, and inventors were thereafter 
for a time requested to furnish a short description in addition to the 
complete description.* 

The steps followed by Whitney in obtaining his patent, as given 
by Mirsky and Nevins, may be followed with relation to the require- 
ments of the law, as outlined above. After he had invented the cotton 
gin, Whitney left Georgia for New Haven in June 1793, to get ready 
to manufacture the machines. On his way he went to Philadelphia 
to see about getting a patent. He paid the required fee of $30.00 and 
on June 20 he filed his petition for a patent with Secretary of State 
Thomas Jefferson.2 This of course was insufficient, and Whitney 
knew or was told what needed to be done further. However, it was 
not until October 15 that the descriptions were mailed to Jefferson. 
The covering letter explains the delay; ill health had prevented Whitney 
from completing the description until the time of the outbreak of the 
yellow fever epidemic in Philadelphia (early in August), and there- 
after he had delayed sending it because of interrupted communications. 
The letter “encloses and forwards” the description, “together with 
a short description designed to form the schedule annexed to the 
Patent.” The long description was signed by Eli Whitney in the 
presence of Chauncey Goodrich, “ Counsellor at Law, Hartford,” and 
John Allen, “Counsellor at Law, Litchfield,” both of whom also 
signed as witnesses. The oath which accompanied the long description 
was executed by Elizur Goodrich, “ Alderman for the city of New 
Haven and Notary Public.” The short description was also signed 
and witnessed. These papers were received on November 6 by Jeffer- 
son, whose letter of acknowledgment refers to receiving “a drawing of 
your cotton gin” and states that the patent may be made out and 
delivered to Whitney’s order immediately after receipt of the model. 
Whitney brought the model himself to Philadelphia in March 1794, 




















ig. 1. Photograph of certified copy made in 1804 of original 1793 Whitney 
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and the patent was promptly issued and delivered to him by Edmund 
Randolph, who in the meantime had become Secretary of State. The 
patent is dated March 14, 1794, but refers to November 6, 1793 as 
the beginning of the term of 14 years. 

The patent document delivered to Whitney is presumed to have 
been destroyed by the fire in his workshop in 1795, but the form of 
the document may be readily inferred. It consisted of two parchment 
sheets (in patents of later date the sheets were about 12x15 inches 
in size, and these may have been approximately this size) with the 
top sheet carrying the formal grant, signatures, Attorney-General’s 
certificate, and seal of the United States, and the second sheet carrying 
only the short description. The two sheets would have been ribboned 
together at the left, with the ends of the ribbon passed under the seal. 

The office of the Secretary of State retained and preserved the 
original papers which had been filed in connection with the patent, 
the original model, and a record copy of the patent document, the 
original of the iatter of course being in the possession of the inventor. 
Copies of any of the papers could be obtained from the office of the 
Secretary of State, the charge being twenty cents “for every copy- 
sheet of one hundred words” and two dollars for each copy of the 
drawing. The cost of a complete set of the patent papers, including 
the drawing, would have been about $14.00. 

In 1810, the Patent Office, as this section of the Department of State 
could now be called, was provided with separate quarters of its own 
in a wooden building also housing the General Post Office of the city. 
Here it remained, with all the accumulating patent records, until the 
night of December 14-15, 1836, when a fire destroyed the Patent 
Office wing of the building and completely destroyed all the records 
of the Patent Office.’ This included the official records of some ten 
thousand patents which had been issued up to that time and about seven 
thousand models of patented inventions. 

It became necessary to reestablish the records, at least of the unex- 
pired patents, and an Act of Congress was passed March 3, 1837," 
to provide a method of so doing and to give the restored records a 
legal standing. 

The records were restored by copying from original patent docu- 
ments which were transmitted to the Patent Office by their holders, 
and also by copying from certified copies of original records which 
may have been made in the past. The public was invited to return 
any such papers to the Patent Office, and legal acts under a patent 
were conditioned upon the recording of the patent, so as to compel 
their return. In this manner about a fourth of the patents were com- 
pletely or partially restored, but only a scattered few of the earlier 
ones. The specifications and other papers were copied into large books 
established for that purpose, which are still kept in the Library of the 
Patent Office, referred to as “Restored Patents” and by volume 
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number, as the source of these records. As many of the patent docu- 
ments did not have drawings attached to them, the Commissioner of 
Patents could have drawings made in the office, in conformity with 
the specification. The Commissioner was also authorized to have models 
made of inventions selected by a board.” 

Restoration of the records relating to the Eli Whitney patent, as 
far as the patent document and the descriptions are concerned, becomes 
a very simple matter. 

In May 1841, the Patent Office received and recorded two papers. 
One of these was a certified copy of the original specification of the 
Whitney patent which had been furnished by the Secretary of State 
on November 25, 1803. The other was a certified copy of the Whitney 
patent document, that is, the formal grant and the short description, 
which had been furnished by the Secretary of State on November 26, 
1803. These were copied, including the certifications by James Madi- 
son, the Secretary of State in 1803, in the volumes of Restored Patents, 
and presumably returned to the sender.’* 

A certified copy made from the original records is still in existence. 
A certified copy of the specification and of the patent was obtained 
from the Secretary of State on April 27, 1804, presumably by Whitney, 
for filing with the United States Circuit Court at Savannah in con- 
nection with a patent suit in that court. Tompkins obtained copies 
from the court, which still had them,‘ and published the text of the 
specification, with some editing, and the first page of the patent grant 
in 1901.*° The specification as printed by Tompkins was reprinted 
by Bennett in 1933.1° 

The copy of the specification recorded in the Patent Office has been 
compared with the one in the court records. The two texts are identical 
with the exception of a number of variations in capitalization, punc- 
tuation, and paragraphing, a few spelling differences, and about a half 
dozen or so copying mistakes in one or the other. The text recently 
published by the Patent Office is based on these two, with selection 
from one or the other in the case of the differences noted. 

The patent drawing and the model present some difficulties. It is 
assumed that the papers sent to the Patent Office for recording in 
1841 did not include the drawing, since no drawing was made at that 
time.’? In 1845 the Patent Office made drawings of the cotton gin 
for use in its work. These were on two large sheets and colored. 
Placed with other drawings of patented inventions, they were used 
by the examiners and the public for search purposes. They are still 
in existence, with the older patent records in the National Archives, 
showing signs of considerable wear from this use. Years after they 
were drawn, after the Patent Office had commenced the printing of 
the specifications and drawings of patents, tracings were made from 
the 1845 drawings and reproduced in printed form in the same size 
and style as drawings of patents were then printed; the specification, 








t 
| 





— 


ee ee ee ee | 


-_ tee 2 fee 2 fee oe 6a 





Cu- 


rith 
lels 


as 
nes 


ers, 
the 


ate 


om 





Research Notes 173 


however, was not printed.** These drawings are not copies of the 
original Whitney patent drawings, nor copies of copies of the original, 
but they are merely drawings of the cotton gin made in 1845 in the 
style in which patent drawings might be made in 1845. They do not 
contain all the auxiliary devices described in the specification but, 
except for an error and some added undescribed figures, correspond 
very well to the machine as described.’® The error consists in the 
placing of the crank on the axle of the brushes, instead of on the axle 
of the cylinder as it is described and where it should go for mechanical 
reasons. The addition of some figures showing alternative forms of 
teeth suggests that a model may have been available for study, as 
Whitney is known to have made a model showing three different 
forms of teeth. 

The Act of March 3, 1837, also authorized the Commissioner of 
Patents to have selected models constructed, and a sturdy and well- 
built model of the cotton gin was made. From its correspondence to 
the 1845 drawing, including the misplaced crank, it may have been 
made at about the same time. This model is now in the U. S. National 
Museum and is described by Lewton in his paper. Lewton also refers 
to a number of models made by Whitney and describes one now in 
the National Museum, which had been deposited there in 1884 by 
Eli Whitney, Jr. This model has three forms of teeth; the Patent 
Office model has only one form, while the 1845 drawings shows several 
forms. Similarities in the Patent Office model and 1845 drawing, and 
the Whitney model, suggest a possible explanation of what was done 
in 1845. This is that the Patent Office acquired access to one of the 
original models built by Whitney and partially followed it, as well 
as the specification, in making a drawing and another model.” 

To return to the patent drawing. The certified copy of the patent 
specification filed in the Savannah court also included a certified copy 
of the original patent drawing, and this copy (Fig. 1) is still in 
existence with the other papers.** A reading of the specification 
against this drawing leaves no doubt that the drawing is the correct 
one, although some of the reference characters mentioned in the 
specification are not found on it. The drawing is on one sheet, about 
10x 13 inches in size, crowded with fourteen figures arbitrarily ar- 
ranged. The scale varies in some of the figures, and most of them 
are heavily shaded or crosshatched, making it difficult to follow some 
of them. A redrawn copy of this drawing is included in the recent 
Patent Office publication.”* It is not a facsimile, as the figures have 
been spread over two sheets and arranged in approximate numerical 
order, and the heavy shading and crosshatching have been made a 
little lighter and left open where reference characters have been super- 
imposed. The scale is about two thirds that of the original. This 
drawing is not reproduced here. However, a photographic copy of 
the drawing in the court records is reproduced, for those who may 
wish to compare it with the Patent Office publication. 
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* This existence of two official descriptions in connection with early patents 

has led to misunderstanding and confusion. The complete description could i 


properly be termed the specification, using a term later adopted for this paper. \ 
The short description was called the “schedule annexed to the patent” but it ‘ 
was sometimes also referred to as a specification. Before very long, however, the t 
practice developed of supplying only one description to serve both purposes. A I 
small pamphlet of information to inventors dated “ Patent Office, March 5, 1811” 
(reprinted in Journal of the Patent Office Society, V1 [1922], pp. 98-103) indicates { 
that only one description was required, a copy of which was to form part ] 
of the patent document. Later it became the practice to also attach a copy of 
the drawing to the patent document, and this evolution was complete by 1836. 
The patent document today includes a printed copy of the specification and | 
drawing. 

* The text of this petition is quoted by Mirsky and Nevins, p. 69; the recent 
Patent Office publication does not include the petition. 

*°See Bianca M. Federico, “ The Patent Office Fire of 1836,” Journal of the 
Patent Office Society, XIX (1937), pp. 804-33. 

™ United States Statutes at Large, Vol. V, p. 191. A section of this Act required 
applicants in the future to submit duplicate drawings, one of which was for the 
patent document. 

2 See P. J. Federico, “ The Patent Office in 1837,” Journal of the Patent Office 
Society, XIX (1937), pp. 954-65, for a fuller account of the restoration of the 
records. 

** Photocopies of these papers may be ordered from the Patent Office. The 
second mentioned paper, the patent, is in Restored Patents, Vol. 1, pp. 125-28, and! 
the first mentioned paper is in the same volume, pp. 85-93, but it carried an errone- 
ous endorsement. The clerk who copied the Whitney specification into the 
volume of Restored Patents, or possibly someone else, wrote the following nota- 
tion, now cancelled, at the top of the first page, “ (Not Patented).” This was an 
error; what should have been written was “ Not attached to the Patent grant”  } 
or some similar phrase. Apparently the particular copying clerk at this time was 
unaware of the by then ancient practice. This is mentioned here because the 
incorrect notation mystified Lewton and may have misled others. 
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tration, at East Point, Georgia, which has the older records of the United States 
District Court for the Northern District of Georgia, the present name of the 
court. The Act of 1837 required the clerks of the United States courts to notify 
the Patent Office of any patents in their records and to forward them for 
recording. Evidently the clerk of this court failed to do this, and the Patent Office 
was unaware of these records. 

**—D. A. Tompkins, Cotton and Cotton Oil (Charlotte, N. Car., 1901), pp. 444-62. 
Tompkins obtained a copy of the short description from the Patent Office; he 
calls the specification obtained from the court the original patent and the short 
description obtained from the Patent Office the “substituted patent,” suggesting 
some improper motive. 

*° Charles A. Bennett, “Early Years of the Cotton Gin,” The Cotton and Cotton 
Oil News, XXXIV, 13 (April 1, 1933), pp. 1-10, 44, 45, 47. 

7 The certification by the Secretary of State of November 25, 1803 refers to 
the “annexed writings and drawings.” The drawings may have become detached 
and lost by 1841. Correspondence relating to the recordation in 1841 has not been 
found in existing Patent Office records of that period. 

** The Patent Office began the regular printing of the specifications and draw- 
ings of patents, as they were issued, in 1868-1869. Those issued before this time 
were printed later, over a period of years, the drawings only first, and the 
specifications afterward. While the restored drawings of patents issued prior to 
the Act of 1836 were printed, the printing of the specifications was only carried 
back to 1836. 

“The first sheet of the 1845 drawing carries the written notation “Patent 
Office, March 18th 1845. Made under the direction of the Commissioner of 
Patents in conformity with Act of 3 March, 1837,” and below this “Henry L. 
Ellsworth, Commissioner of Patents.” These endorsements were omitted from 
the published copy. It will be recalled that the Act of March 3, 1837 gave the 
Commissioner of Patents authority to have drawings made in the office, in con- 
formity with the specification, when they were not otherwise available. While 
the 1845 drawing was made under this authority, comparison of the specification 
with the drawing shows some omissions and some additions. The specification is 
quite detailed in the description of the machine and its parts, with alternate con- 
structions of some of the parts. The drawing does in general correspond to a 
machine as described, except for the error and the added figures, although many 
of the reference characters mentioned in the specification are not found on the 
drawing, and some of the figures do not correspond to the arrangement described, 
that is, the arrangement of the drawing, not the arrangement of the parts. The 
specification describes a gauge or template to enable the teeth inserted in the 
wooden cylinder to be trimmed down to uniform height, and refers to a figure 
on the drawing showing this gauge and another showing its use. These figures 
are not on the 1845 drawing. The specification also describes a machine for 
cutting wire to make the teeth and shaping the ends, and refers to figures on the 
drawing illustrating this machine. (Mirsky and Nevins, p. 77, refer to a special 
machine for cutting wire devised by Whitney, which is “unfortunately” merely 
alluded to in a letter, and indicate that no description is available.) The 1845 
drawing does not have these figures. In addition, this drawing omits a described 
figure of a detail of brush construction. These drawings also include six figures 
not referred to in the specification, several of which illustrate forms of teeth not 
described. The specification refers to figures numbered 1 to 14; the 1845 drawing 
has figures numbered 1 to 5, 7, 11, 12, and 14, omitting 6, 8, 9, 10 and 13, and 
in addition has figures numbered 20 to 25. 
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The print of the 1845 drawing was reproduced by Tompkins, pp. 18, 19, who 
labelled it “ Drawing Accompanying Substituted Patent,” and by Bennett; Lewton 
reproduced the first sheet only. 

°° The American Farmer (Vol. IV, Feb. 21, 1823, pp- 380-81) printed a descrip- 
tion of the cotton gin and some illustrations, obtained from the Patent Office. 
The former is a copy, with some editing, of the short description attached to the 
patent, and the latter, reproduced by Lewton, is a woodcut including two sketches 
of the original model. These sketches are quite similar in appearance to the 
models mentioned. 

The two models which have been mentioned, the 1823 woodcut of the original 
model and a figure of the 1845 drawing, all have four brushes attached to the axle 
in the same manner, but different from the alternatives described in the specifica- 
tion; they also have the brushes placed at an angle to a plane through the axle, 
which is an alternative described in the specification but not specifically shown on 
the original drawing, which illustrates the brushes as being placed radially. 

The statements relating to the models in this paper are not intended to be 
complete or definitive, but are only included for their bearing on the other 
matters discussed. 

No papers relating to the making of the Patent Office model have yet been 
found in the remaining Patent Office records of the period. 

** A copy, obtained from the court, was reproduced by Tompkins, reduced 
in size, and later, on a still smaller scale, by Bennett. 

* A copy can be obtained from “The Commissioner of Patents, Washington 
25, D.C.” The price is one dollar. 
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The Human Condition. By Hannah Arendt. New York: Doubleday 
and Company, 1959. Pp. ix, 385. $1.45. 


This is a book that approaches the study of man from a new point 
of view. In understanding the present volume it is important to know 
that the author was a student of the Existential philosophers, Jaspers 
and Heidegger. She holds the degree of Doctor of Philosophy from 
Heidelberg and has lectured in a number of American universities. In 
the spring term of 1959 she was a visiting professor of politics at 
Princeton University. 

The central theme of the book is “ what we are doing.” It deals 
with those aspects of human nature that are within the range of 
essentially every human being. Because of this limitation the author 
deals only indirectly with what she calls the highest activity of a few 
human beings, that is, creative thinking. 

The main topics considered in the volume are labor, work, and 
action. Each of these themes is defined and analyzed in a novel 
manner. 

In the chapter on Labor, the point of view of Karl Marx is criticized. 
Here the argument is made that the easier life becomes in a consumer’s 
or laborer’s society, the more difficult it will be to remain aware of 
the true urges that drive society. This may lead to a futile life which 
is void of the realization that a main object of labor is creation that 
endures after the labor has passed. Labor, as considered in this book, 
is caught in the cyclical movement of the body’s processes and has 
neither a beginning nor an end. According to this concept, true works 
of art have the greatest durability. 

In the chapter on Work, it is pointed out that to have a definite 
beginning and a definite predictable end is the mark of fabrication 
that distinguishes work from other human activities. Another basic 
chapter deals with Action, which as part of human behavior is described 
as having a definite beginning but never a fully predictable end. 

In considering labor, work, and action in this way the author 
presents a number of new conceptions and shows the relevance of 
many continuing strands of classical thought in the solution of the 
problems of the modern world. Especially in the chapter on Action, 
the significance of the Christian tradition in human affairs is empha- 
sized. 

Anyone who is accustomed to the current physiological, psycho- 


177 





178 Book Reviews 


logical, sociological, or legal approach to the topics considered in this 
book under such headings as Labor, Work, and Action will find in 
this book much that is unexpected. Here new and quite precise 
definitions are offered for terms that have frequently been defined 
and used in other ways. 

All of this brings a fresh and provocative point of view to the great 
and never ending study of the nature of man and of society. The 
author is attracted by the paradox as a literary device. Something 
of the flavor of not a few of the paragraphs of the volume may be 
given in the last two lines of the book in which man is discussed. 
These words quoted from Cato are in translation: “ Never is he 
more active than when he does nothing, never is he less alone than 
when he is by himself.” 

LEONARD CARMICHAEL * 


A History of Western Technology. By Friedrich Klemm. Translated 
by Dorothea Waley Singer. New York: Charles Scribner’s Sons, 
1959. Pp. 401. Illustrations. $6.50. 


Anyone familiar with the five-volume A History of Technology, 
edited by Singer, Holmyard, Hall and Williams, wiil appreciate 
the task as well as the risks involved in attempting to condense 
the history of western technology into some 400 pages. But that 
is just what Dr. Klemm, the scholarly librarian of the Deutsches 
Museum in Munich, has done. The distinguishing feature of this 
volume is that the author draws upon the contemporary essays, tracts, 
and writings of scientists, inventors, philosophers, economists, and 
poets for their views on science and technology, and then welds them 
“into a consecutive and timely history of technology.” 

Beginning with the Greco-Roman people, the author notes that 
although they had fallen heir to “a considerable treasury of technical 
instruments,” it remained for the ancient Greeks to contribute the 
greatest cultural achievement of that age, namely, the development of 
“a scientific sense.” In Greece pure science, theoretical science, ranked 
above applied science—technology. Passages from such Greek writers 
as Plato and Plutarch are cited to support this view. Archimedes and 
Aristotle both published advanced theories in mathematics and the 
laws of physical force but stopped short of putting their theories to 
practical, universal use. Machinery was seldom introduced; it was 
too costly. The major exception was in the making of artillery; then 
as now military preparedness called for the most advanced techniques 
available, regardless of cost. 


* Dr. Carmichael, a noted psychologist and former President of Tufts College, 
has been Secretary of the Smithsonian Institution since 1953. 
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In Rome it was the architect who dominated the major technological- 
engineering developments. Such engineering works as building roads, 
bridges, aqueducts, and war machines were principally state projects, 
designed by architects to “ express the political power of the Empire.” 
As in Greece, slaves did the work with an occasional assist from 
soldiers when not fighting a war. 

Passing from the Greco-Roman period to the Middle Ages, one notes 
a number of advances in technology that have only recently come 
to light—advances that built a civilization that no longer rested upon 
the backs of slaves “ but to a greater and greater extent derived power 
from machinery.” A surprising number of engineering and techno- 
logical developments are listed. Among the more important were the 
discoveries utilizing the elementary force of animals, wind, and water, 
used for performing tasks heretofore performed by slaves. This change- 
over brought results comparable in modern times to the introduction 
of “the steam engine in the eighteenth century and the utilization of 
atomic energy in our own day.” 

The late Middle Ages saw the introduction of the horsecollar, the 
modern saddle, stirrup and bridle, nailed horseshoes, and the heavy 
wheeled plough. Improved rigging for sails replaced the galley-slave, 
and the compass became an aid in navigation. Wind and water power 
increased the efficiency of grist mills and saw mills, and furnished 
power for foundries and iron works. A method for forging cannon 
was introduced, as were machines designed to test the strength of 
cannon barrels. Guns for firing lead shot and cannon for firing stone 
shot also were used in the later 1400’s. Two outstanding technological 
developments occurred with the introduction of the wheeled clock 
with weights and the invention of spectacles. 

Villard De Honnecourt’s work on architecture and engineering and 
Pierre De Maricourt’s work on the properties of magnetism, along 
with his device for producing magnetic perpetual motion, marked 
mileposts in the advance of technology. And of course there was 
Roger Bacon (ca. 1214-1294), often hailed as the founder of experi- 
mental science (although Klemm has some reservations re this thesis). 
Too, Leonardo da Vinci’s name must be added, as well as Gutenberg’s 
and his success in type casting. 

Passing to the Renaissance, technology takes on a new interest. 
Rather than follow the orthodox practice of looking back on man’s 
ancient achievements and being content merely to imitate the old 
masters in any field, there developed an urge to create new things, 
to discover new ways of performing old tasks. A roll call follows 
of noted architects, artists, sculptors, goldsmiths, and silversmiths who 
were willing to venture into new fields. The author rescues from 
almost total obscurity the studies of Tartaglio, who long ago advanced 
the theory of firing missiles. The development of iron foundries during 
the early Renaissance period is noted in some detail. 
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In the writings of Paracelsus, noted physician and natural scientist, 
the author finds a mass of data relating to applied science and tech- 
nology. Paracelsus not only raised alchemy from the single-purpose 
attempt to create gold, but more important, it was his belief that men 
of talent, foundrymen, smiths, carpenters, master-builders, apothe- 
caries, physicians, technicians, artists, and scientists, should use their 
God-given power to discover nature’s secrets and find ways to apply 
nature’s laws to man’s use. Then there was the Saxon physician 
Georg Agricola, whose writings afford “the deepest insight of all 
into the technology of mine and foundry in the sixteenth century.” 

Following the Renaissance came the Baroque period, during which 
the microscope, the telescope, the barometer, the calculating machine, 
the air pump, the pendulum clock, and the thermometer were intro- 
duced. Accompanying these developments were a number of scientific 
societies and a growing demand that inventors should be awarded 
special patents for their achievements. In commenting on these, the 
author notes still another factor “found in the practical ethics of 
Calvinism with its clear concern with the world around us”: areas 
where the inhabitants “ were wholly or partly Calvinists . . . were all 
the scenes of important scientific, technical and industrial develop- 
ments.” Scientific societies and learned journals of the last third of 
the seventeenth century “ had an overwhelming proportion of Calvinist 
interest” (p. 171). Of the sixty-eight members belonging to the 
Royal Society (1663), “no fewer than forty-two were Puritans” 
(p. 191). 

Among the remarkable technological achievements of the seven- 
teenth century are included the new methods of ship building in 
Holland and England, the development of a canal system in France, 
the designing of special machines for harnessing water power and 
wind power more efficiently, the development of prime movers, new 
and peaceful uses of gunpowder in supplying power for machines, 
and the work of Papin, Savery, and Newcomen in designing pistons 
and pumps for engines powered by steam, followed by James Watt's 
steam engine. 

In the Age of Rationalism—Empirical Rationalism—“ efforts were 
made to penetrate by means of Reason both religious problems and 
traditional procedure of technical work.” Quantitative natural science 
began its triumphal march, and a systematic rational technology was 
built on scientific discoveries. The reasons for England’s successes 
in the field of applied science and technology by comparison with a 
slower development on the Continent are pointed out in some detail. 
In Germany courses in the history of technology were introduced 
into the curriculum of several colleges, and in France the founding 
of the Polytechnic opened the way Re studies in applied science and 
technology. Also in France, Diderot and d’Alembert in their Encyclo- 
pedia made the public conscious of the expanding role of technology. 
Adam Smith’s Wealth of Nations, pointing out the advantages of 
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private enterprise, free competition, and free trade, marked a mile 
post in industrial and technological history. 

Passing on to “The Period of Industrialization,” the author notes 
the impact of steam power upon industry, steamship and railway 
transportation, and the rise of the factory system. Accompanying 
these rapid advances in technology were the telegraph and the intro- 
duction of gas lighting. With these revolutionary steps came the firm 
belief that the forces of science and technology are irresistible, and 
this belief led to further bold adventures. The increased use of steam 
power gave rise to the factory system and led to the Industrial Revo- 
lution, which in turn brought a complete transformation in the social 
and cultural history of the western world. 

In Part VII, “Technology Becomes A World Power,” the author 
reviews the rapid rise of technology in the United States, noting that 
“nowhere outside Europe did western technology succeed in rooting 
so strongly or developing so independently as in young America.” 
(This reviewer balks at the phrase “ outside Europe.”) Hurrying over 
the period down to the Civil War (which again this reviewer does 
not approve), Klemm directs attention to the rapid introduction of 
the machine, the assembly line, the beginning of mass production, 
and the system of interchangeable parts. Pointing out that there were 
no prejudices against training young men for technical education in 
America, the author notes that after the Philadelphia Exposition of 
1876 “all America was filled with a living sense of practical tech- 
nology” (p. 335). He then reviews briefly the coming of the internal 
combustion engine, first in Europe and then in the United States, 
but plays down the advances made by American automobile engineers. 
In reviewing the coming of the electrical age no mention is made 
of Joseph Henry’s work. In discussing the pioneers in aviation the 
name of Samuel Pierpont Langley is omitted, as is the name of Reginald 
A. Fessenden in the history of radio. Other omissions which this 
reviewer insists should have been included in a history of western 
technology are David Rittenhouse, Oliver Evans, Eli Whitney, Jacob 
Bigelow, Samuel Colt, Charles Goodyear, Elias Howe, William Kelly 
(who preceded Bessemer by four years in developing the pneumatic 
process for making steel), John Ericsson, Alexander Graham Bell, 
and others of equal stature. In reviewing the establishment of early 
institutes of technology, the author overlooks the founding of the 
Rensselaer Polytechnic Institute (1824), the Franklin Institute (1824), 
and Massachusetts Institute of Technology (1861). Such omissions 
are a disappointment. 

But despite such slip-ups this is a most valuable work. It deserves 
sympathetic study by all readers of Technology and Culture, and by 
students of western civilization. 

Joun W. OLiver * 


* Professor Emeritus in History at the University of Pittsburgh, Dr. Oliver is 
the author of History of American Technology. 
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Alchemy: the story of the fascination of gold, and the attempts of 
chemists, mystics, and charlatans to find the Philosophers’ Stone. 
By E. J. Holmyard. Harmondsworth, England: Penguin Books, 
Pp. 281. 36 Plates. Paperbound. $0.85. 


This brief volume was almost the last from Dr. Holmyard’s pen. It 
presents in amazingly lucid form the fruits of profound scholarship 
ranging over European and Arabic literature concerning a subject that, 
as he reminds us, has a history extending through many , centuries. 

In his Introduction, Dr. Holmyard immediately places before us 
one of the main puzzles of alchemy: its combination of two such 
different approaches as craftsmanship and religious mysticism, both 
with the object of converting the imperfect into the perfect, that 
is to say, transmuting by means of the Philosophers’ stone or Elixir 
base metals into precious gold, and man’s ailing body to perfect health 
or even immortality. The two methods are vividly and succinctly 
dubbed by Dr. Holmyard the outward or exoteric and the hidden 
or esoteric. The latter gradually developed into a devotional system 
where the mundane transmution of metals became merely symbolic 
of the transformation of sinful man. It is often difficult to distinguish 
which process is the real aim in a given text, and Dr. Holmyard points 
out that the alchemist frequently worked in the employ ment of 
monarchs or of great nobles; and that in such circumstances failure 
to carry out explicit rash material promises might lead to condign 
punishment. 

Each known metal was regarded as holding a special relation to 
the sun, the moon, or one of the five planets. Dr. Holmyard reminds 
us of the important role ascribed to astrology among the Greeks of 
about the 4th century B.C., as in ancient Mesopotamia where, how- 
ever, the Moon was given ‘pride of place; whereas the Greeks and 
their Western heirs linked the Sun with gold, the most precious of 
metals. The effort toward complete purity to be attained by virtue 
of the Philosophers’ Stone was based on the achievement of a proper 
combination of the Four Elements: Earth, Air, Fire, and Water, each 
endowed with two of the qualities: Cold, Dryness, Heat and Moisture. 
This conception became most influential through its adoption by 
Aristotle (384-322 B.C.) and has indeed left its mark on European 
tongues. Exoteric alchemy rested no doubt on metallurgical knowledge 
derived from the ancient empires by Hellenistic Egypt. Dr. Holmy ard 
takes us back to a Greek work entitled Physica of about 200 B.C. 
by one Bolos (or Boulos) Democritos of Mendes, a town on the Nile 
delta. It was in four parts dealing respectively with the making of 
gold, of silver, of gems, and of purple. The practical information 
derived from recipes for these processes from Egypt, Persia, Bablyon, 
and Syria would put the worker on the way to apparent transmutation. 
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The earliest document describing the alloy process that apparently 
converted copper to gold is a papyrus (or two complementary papyri) 
of about 250 or 300 A.D., of which part is now at Stockholm and 
part at Leyden. It is believed to be based on the Greek Anaxilaos 
of Laryssa in Thessaly, who flourished about 26 B.C. We read that 
even the goldsmiths will not be able to distinguish between the product 
here described and true gold. To the present writer it has always 
seemed that this phrase might be compared to a statement by a modern 
manufacturer of synthetic raspberry jam that even the pastrycooks 
will not distinguish it from real jam. In neither case is it claimed to 
have created the precious matter, but merely to have imitated it. But 
as Dr. Holmyard points out, “From making a metal that resembled 
gold to believing that the artificial product really was true gold was 
only a short step for the alchemists.” 

He gives a quick review of succeeding Greek alchemicai works 
which in fact are known to us from a tenth century collection now 
in St. Mark’s Library, Venice. This collection comprises, as Dr. 
Holmyard reminds us, “a bewildering confusion of Egyptian magic, 
Greek philosophy, Gnosticism. Neo- Platonism, Babylonian astrology, 
Christian theology, and pagan mythology.” This, af together with the 
enigmatical and allusive language, makes the interpretation of alchemi- 
cal literature so difficult and so uncertain.” The names to whom 
authorship is ascribed comprise Greeks, Hebrews, and Egyptians, 
including sundry figures both from Egyptian and Greek mythology. 

But besides the mysticism and the ‘philosophy are descriptions of 
technical processes. In an extremely interesting chapter Dr. Holmyard 
gives an account of apparatus used in alchemical processes. Much of 
the apparatus was utilized through the centuries extending from these 
early Greek writings to workshop practices of the seventeenth century 
A.D. and later. Berthelot even claimed to have found, in use in a 
nineteenth century workshop, a recipe described in an early Greek 
text. Our kitchens today know the bain Marie, or water-bath for 
containing a pan and maintaining it at a fixed temperature; the St. 
Mark manuscript ascribes the invention of this and other devices to 
“Miriam, sister of Moses.” 

But before leading up to the sundry developments of western 
alchemy, Dr. Holmyard directs us to work in the Far East. He claims 
priority for neither East nor West, but, unlike many predecessors, he 
emphasizes early Chinese alchemical work which, though mainly 
directed to longevity and even immortality, was also concerned with 
the manufacture of gold. He points out that the Imperial Edict of 
144 B.C., enacting public execution of those who made counterfeit 
gold, itself indicates a fairly established practice, and Chinese tradition 
attributed its origin to a certain Dzou (or Tsou) Yen in the fourth 
century B.C. or even earlier. It was not eliminated by the edict of 
144 B.C., for Dr. Holmyard recounts unsuccessful alchemical experi- 
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ments actually under the imperial aegis less than a century later. Like 
most Chinese proto-science, alchemy rested on Taoism. With remark- 
able clarity and brevity Dr. Holmyard explains the significance at- 
tributed to the number Five, manifested in the five elements (wood, 
besides the four elements familiar to us in the Aristotelian cosmogony), 
five colors, five directions (comprising north, south, east, west and 
center), five planets, five metals, and we are shown the relation of the 
number Five to the magic square (composed of the first nine digits 
omitting zero). 

Holmyard cites the exposition by Dr. Stapleton and the late Dr. 
Kraus of the importance of the magic square in the ground plan of 
the Ming Tang (or MingThang), the Bright House or Temple of 
Enlightenment, the scene of the monthly ritual imperial Promulgation 
of Space and Time, i.e., the Calendar. This Ming Tang was both an 
imperial dwelling and an expression through the mystic mathematics 
of the Magic Square of the Taoist faith in cosmic unity. (Cf. also 
J. Needham, Science and Civilisation in China, Il, 378.) 

Greek alchemy was brought to the West by many streams—Nes- 
torian Christians, Persians, and Jews, converging in the great academies 
founded and supported by the Moslem monarchs whose sway stretched 
from Bagdad to Spain. Dr. Holmyard tells us of the tradition that 
the first Muslim to investigate alchemy was Prince Khalid ibn Yazid 
(died ca. 704), pupil of the Christian Morienus, who had _ himself 
received alchemical teaching from Stephanus of Alexandria. 

We have an account of the prolific works of Jabir (eighth century), 
perhaps the most famed of Arabic writers on alchemy. The Turba 
Philosophorum or Convention (mostly with Greek names), also famed 
in Latin translations from at least the thirteenth century, Dr. Holmyard 
regards as an Arabic compilation. After touching on a few other 
writers in Arabic on alchemy and emphasizing the vast field still to 
be explored, he gives us a fascinating chapter on the bold western 
pioneers who undertook to visit Moslem centers to seek the mysterious 
knowledge only to be found there. Among the earliest were Robert of 
Chester, Hermann the Dalmatian, Adelard of Bath (all twelfth century). 
Michael the Scot lived at the Sicilian Court of the Emperor Frederick 
II (1194-1250), who, having become master of the formerly Arab 
territory of Southern Italy and Sicily, gave every possible encourage- 
ment to the exchange of knowledge among his Greek, Arab, and 
Jewish subjects who lived there. He founded the University of Naples. 
The greatest of the translators into Latin of Arabic versions of Greek 
texts was Gerard of Cremona (died 1187), who worked at Toledo. 

A chapter on the alchemical signs and symbols and coins (which 
reach back to the Greco-Egyptian texts), is followed by an account 
of the strange Swiss Paracelsus. We hear of English writings on 
alchemy from Chaucer’s Canon’s Yeoman’s Tale to the hapless Sit 
Kenelm Digby in the 17th century, as well as more Scotsmen, French- 
men, and other later figures. 


—— 


———— 
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But a list of names can give the reader little notion of the fascinating 
story told by Dr. Holmyard. It should be added that the numerous 
illustrations are remarkably clear and helpful. In his Epilogue Dr. 
Holmyard notes that the publication of The Sceptical Chymist (1661) 
by Robert Boyle was the death warrant of alchemy, and he concludes 
by a rather charming passage translated from A New Method of 
Chemistry by the great Dutch physician Hermann Boerhaave (1668- 
1738), whose teaching may be said to lie at the root of modern 
European medicine. 

DorotHEA WALEY SINGER * 


The Canal Builders. By Robert Payne. New York: The Macmillan 
Co., 1959. Pp. ix, 278. Illustrations. $5.00. 


In the history of civil engineering the story of canals and their 
engineers has an important place. The construction of canals began 
at the dawn of civilization and has continued to the present day as 
one of the fascinating branches of engineering. The author (who began 
his career as a shipwright) has now written another book in his series 
of scholarly works. It gives under one cover, probably for the first 
time, the story of canal engineers through the ages and thus forms 
a distinct contribution to the scattered literature on this subject. 

The book begins with an account of the ancient navigation canals 
of Egypt and Mesapotamia which are amongst the earliest civil engi- 
neering feats. After discussing the waterways in classical antiquity 
and the subsequent Arabian and Chinese achievements, the author 
treats the navigation canals and locks of Italy during the Renaissance. 
The subsequent chapters consider the construction of canals in France, 
England, and America culminating with the accomplishment of the 
Panama Canal. The chapters dealing with the Suez Canal, the Rus- 
sian canals, and the St. Lawrence Seaway take the reader into his own 
times when large engineering works may require economic and 
political considerations at an international level. 

This well-written and illustrated book presents the canal builders 
and their achievements in the historical and social background, and 
at the same time it discusses the consequences of these constructions 
within civilization as a whole. To aid this coordination the reviewer 
would like to have seen a chronological table of the canal engineers 
and their main works (which could perhaps be added in an appendix), 
particularly as some achievements in canal construction had to be 
omitted for lack of space. A brief treatment of Dutch canals would 


*Chairman of the Bibliographical Commission of the International Union 
of the History of Science, Mrs. Singer has done much to catalog alchemical 
literature. She has also written numerous works in the history of science. 
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also have been welcome in view of their importance in the develop- 
ment of this branch of civil engineering during and after the middle 
ages. 

G. G. MEYERHOF * 


History of the Gear-Cutting Machine: A Historical Study in Ge- 
ometry and Machines. By Robert S. Woodbury. Foreword by 
Abbott Payson Usher. (Technology Monographs, Historical 
Series, No. 1.) Cambridge, Mass: The Technology Press, 1958, 
Pp. vi, 135. Illustrations. Paperbound. $3.00. 


This monograph is the first “of a series planned to provide the 
scholarly foundation essential for writing a History of Tools.” 
Professor Woobury states that he has not attempted to write 
a general history of gears and gearing, that this remains to be done. 
But he has certainly laid a broad and firm base on which to build. 
The volume at hand deals with the gear-cutting machine, a second- 
generation machine tool, now able to meet industry’s imperious de- 
mands for gears that noiselessly transmit great power at high speeds. 

The book represents an overwhelmingly well-done job of reducing 
a great mass of material—scholarly references, patents, catalogs, en- 
gineering and trade journals, and machines themselves—into a logical 
story of development. Written with zest and relish, this vivid account 
presents a wealth of unusual information. The illustrations are particu- 
larly good, for many of them come from previously untapped sources. 
The foreword is written by Abbott Payson Usher (A History of 
Mechanical Inventions) with his customary charm and ability. 

The function of gear-cutting machinery is to solve intricate geo- 
metrical problems in metal with a high order of accuracy. For the 
broad outline, Professor Woodbury has chosen to discuss the develop- 
ments from the sixteenth century to our own under three headings. 

Part I, The Mathematics of Gears, examines the struggles to recog- 
nize and state the geometrical problem defining desirable tooth form. 
The first and most obvious factors were continuous engagement and 
low friction, conjugate action coming later. Empirical forms giving 
only approximate satisfaction preceded the discovery of the cycloid, 
soon followed by the involute, in the seventeenth century. The 
cycloid was the first to be applied to practice, the virtues of the invo- 
lute not being exploited until 150 years later. 

That the involute was once considered an exterior cycloid will be 
news to many, but it was thus identified in the early days when de la 
Hire called it the special case in which the radius of the generating 


* Dr. Meyerhof is Professor and Head of the Department of Civil Engineering 
at Nova Scotia Technical College, Halifax, N.S., Canada. 
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circle (which rolls on the fixed circle) becomes infinite. This will 
startle modernists who learned that the involute of a circle is the 
curve generated by the end of a taut, inextensible string unwrapped 
from a circle. It is unfortunate that Fig. 1b interchanges fixed and 
rolling circles in the process of going to infinity; the curve shown is 
not an involute, but an ordinary cycloid. 

One is struck by the personalities of the “ geometric period,” for 
their names have a familiar ring because of other associations. Thus, 
Desargues and Diirer, whose common interests included also the study 
of perspective, laid the foundations of projective geometry, w hose 
special case is the Euclidian. Airy, whose quotation on page 25 is 
these days put less quaintly and called the First Law of Gearing by 
kinematicians, was Astronomer Royal and the stress-function man of 
elasticity. . 

Part II, The Clock and Instrument Makers, gives the developments 
(through the eighteenth century) made in machinery to space and cut 
teeth. The early concern was with tooth spacing “rather than tooth 
profile, clocks being devices whose primary purpose is to count, a 
feature not dependent on tooth form. Indeed, the geometers were 
little understood by the production people, whe, as artisans of another 
kind, took a largely pragmatic approach to the lesser of their problems. 

Much of today’s gear-cutting machinery has features reminiscent 
of the earliest. Here the wheel- bank was mounted ona spindle carrying 
an index plate; the cutting was done with a casually formed rotary 
file (later milling cutter) revolving about an axis perpendicular to the 
spindle. Hand finishing was the practice until many details were 
refined with the passage of generations. By the end of the eighteenth 
century broaching had been introduced for production work, and quite 
accurate dividing engines were available. 

Part III, Production Gear-Cutting Machines, spans the period from 
1800 to the near present. We see the advent of heavy-duty machinery, 
with formed cutters being displaced by the gradual reduction of the 
generating principle to practice in many ways. Here too automatic 
machines “develop into the precision machinery now producing gears 
having the accuracy of spacing, form, and ‘finish required for the 
noiseless transmission of power at high speeds. 

One gets the feeling that the tool-builders were an impatient lot, 
bent on getting one job done that they might start the next: they 
left no wordy memoirs, and as for their machines, they are now im- 
perfectly preserved since they were replaced by their own more 
efficient creations. 


“ 


R. S. HARTENBERG * 


*Dr. Hartenberg is Professor of Mechanical Engineering at Northwestern 
University and the author of numerous articles in the field of kinematics. 
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The Brewing Industry in England, 1700-1830. By Peter Mathias. 
London and New York: Cambridge University Press, 1959. Pp. 
Xxvili, 596. $15.00. 


This book is rather less comprehensive than its title suggests, for 
it is essentially an economic rather than a technological history. Al- 
though one senses that the author is less sure of himself when dealing 
with technical matters than when pursuing economic arguments, the 
book contains some direct account of British brewing technology 
during the period in question, and much more is implicit in the text. 
Apart from this limitation, which the author’s preface makes clear 
is deliberately imposed, the book deserves high praise, and it should 
certainly be read by every serious student of the history of technology. 
It is comprehensive, critical, and a rich mine of quantitative informa- 
tion, yet despite the enormous amount of factual information crammed 
into it the book is very readable. Many pages are enlivened by apt 
and revealing illustrations of the personal characteristics of leading 
figures in the British brewing industry in the eighteenth century. 
Business letters of those days were evidently much more to the point 
than would be generally acceptable now. Thus in 1803 Sampson 
Hanbury wrote to John Taylor, one of his malt-factors: “. . . the last 
pale Malt you sent in, it is so infamously bad that I am surprized you 
would even let me have it . . . should I have occasion ever to write 
such another letter I shall entirely alter my plan of buying.” It is 
not apparent from this and other similar correspondence that Hanbury 
and Taylor were, in fact, close friends. 

The comprehensiveness of the author’s treatment finds expression 
in two main ways: on the one hand, the enormous number of original 
documents—especially the detailed accounts of many of the great 
London brewers, of which a surprising quantity still survive—that 
have been examined and, on the other, his penetrating survey of many 
activities only indirectly related to brewing proper. The latter include 
malting, the growing and marketing of barley and hops, transport, 
export markets, financial organizations, coopering and vat-makir g, the 
relationship between brewers and publicans, the rivalry with gin, 2xcise 
regulations and their circumvention, and naval brewhouses, to mention 
only some. 

The author’s critical approach is particularly well shown by his 
cautious evaluation of the wealth of figures that he quotes. That the 
author had access to such a wealth of material is in large measure due 
to the fact that the brewing industry was one of the first to form 
itself into large units—Whitbread’s capital in 1790 was £271,240—of 
which some have continued to operate on their original sites. He is 
always very conscious that in any industry subject to excise duty, 
published figures may not reflect the true situation. By no means 
every brewer was as scrupulous in observing the regulations as Han- 
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bury, who, in writing to one of his maltsters at Colchester, said: “. . . 
I shall never regret to hear you have been found out and suffer as much 
as the Law has power to inflict.” While the author does not hesitate 
to draw general conclusions, he is always careful to evaluate the 
strength of the evidence. During the period in question, the major 
change in the industry was the rise of porter brewing after 1722, and 
the circumstances of this, and its far-reaching consequences, are most 
lucidly analyzed. 

Although this is a book primarily for the economic historian, it 
will be invaluable to all who are seriously interested in the history of 
brewing, for no other covers the same ground in such detail. It is 
very much to be hoped that it will encourage others to study the 
history of brewing technology, the neglect of which is rather sur- 
prising in view of the great social and economic importance of the 
industry. The author quotes the Prince Regent as saying “ Beer and 
beef have made us what we are.” While the influence of beef is 
questionable, in that the poor rarely tasted it, beer was almost uni- 
versally drunk in England during the period in question. 

The main text, which is copiously supplied with reference, is fol- 
lowed by a twenty-page statistical appendix designed to illustrate con- 
cisely the principal themes. The book concludes with an extensive 
bibliography and index. 

Trevor I. WiLiiAMs * 


The Building of TVA; An Illustrated History. By John H. Kyle. 
Baton Rouge: Louisiana State University Press, 1958. Pp. xiii, 162. 
Illustrations. $7.50. 


The Tennessee Valley Authority is the largest and most successful 
example of an integrated, multi-purpose program of regional develop- 
ment in the world. Its legislative background, organization, and social 
and economic role have been the subject of a considerable body of 
literature, some of it popular, such as the books of David Lilienthal 
and Gordon Clapp, the bulk of it specialized monographs on the 
Authority’s work and administration. Except for the technical reports 
of the Authority, however, little of this extensive bibliography deals 
with T. V. A. as a work of structural art. Yet to most of its millions 
of visitors the Authority is a physical fact, a complex of dams and 
related structures which represent a technological and architectural 
achievement of the highest order. Mr. Kyle, who is the editor of 
The Johns Hopkins University Press and formerly an associate editor 
of Progressive Architecture, has at last provided us with a book which 


* Dr. Williams, one of the editors of the five-volume A History of Technology, 
is specially interested in the development of the chemical industry. He is the 
Editor of Endeavour. 
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goes some way toward filling this gap. By means of a brief text, 
briefer tables of physical data, and about 300 well-selected photo- 
graphs, he has presented us with a fairly comprehensive review of the 
technical and architectural design and the construction of T. V. A.’s 
physical plant. 

The author has organized his book in terms of the different types 
of structures and their respective functions in an integrated program 
of flood control, maintenance of navigation, and the generation of 
electric power. After a short introduction on the history of conserva- 
tion and regional planning, he moves to the main task. Norris Dam, 
the first of the Authority’s installations, is presented in considerable 
detail. He tells us of the preliminary design, the initial survey, site 
clearance, relocation of families, and finally of the construction process 
itself, with a description of the main elements of a combined storage 
and hydroelectric dam. Since this chapter is meant to provide us 
with details typical of all the waterway installations, however, one may 
raise the question whether there are not some serious omissions in the 
light of Mr. Kyle’s purpose. He does not treat his subject analytically, 
and as a consequence we are not told what specific problems the 
designer must solve, how a dam acts as a structure, and what scientific 
resources the designer may call upon to predict behavior under con- 
ditions of use. Further, he fails to point out, beyond passing mention, 
that behind Norris Dam lies the long experience of the Bureau of 
Reclamation in the design and construction of the largest hydro- 
electric dams in the world. The staff of T. V. A. made full use of the 
Bureau’s resources—its mountain of technical data, its designing staff, 
and its superb hydraulic laboratories. 

The chapter on Norris serves as the basis for the briefer treatment 
of the remainder of T. V. A.’s plant. Mr. Kyle covers the nine main- 
river dams in order downstream, 13 of the 22 storage dams roughly 
from south to north in the Tennessee River’s eastern tributaries, and 
the eight steam-electric plants in order of date of construction. In 
each case the description of the structure is supplemented by a table 
of physical data consisting mainly of dimensions and generating 
capacity. The failure to deal analytically with construction is most 
conspicuous in the case of the low-head dams. As multi-purpose struc- 
tures, they are unique among waterway installations, and the extensive 
shale beds of the Tennessee valley posed peculiarly difficult problems 
in foundation work and in the design of spillways. A separate chapter 
on non-power projects reveals T. V. A.’s standards of engineering and 
architectural design as they are manifested in bridges, subsidiary 
buildings, and the proposed office building at Knoxville. 

Mr. Kyle’ s analysis of the architectural character of the Authority’s 
structures is sound when he is concerned to point out that this quality 
is essentially the enhancement and clarification of technical objects. 
In other words, architectural design, in this case, is a matter of giving 
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untrammelled expression to pure empirical form. The resulting em- 
phatic power of these great structures offers an immensely moving 
experience, as all who have seen them know. But Mr. Kyle’s analysis 
is disfigured by the repetition of certain clichés about modern archi- 
tecture which this reviewer finds not only tiresome but questionable 
in whatever meaning they might originally have had. He repeats the 
idea, as old as modernist theory, that certain structures are so refined 
as to become geometric abstractions of the structural idea. The state- 
ment, of course, is a metaphor, but the underlying point represents a 
latter-day Platonism characterized by a serious confusion among 
empirical, mathematical, and aesthetic forms. More doubtful from a 
stylistic standpoint is the abuse of the word dramatic, which is the 
favorite term of the architectural press. All good architecture is today 
held to be dramatic, although the metaphor is justified only when it 
can be shown that aesthetic form in structure is in some way deter- 
mined by an interaction of forces, and that such interaction is clearly 
embodied in the structure itself. 

But on the whole Mr. Kyle has given us a good presentation of the 
physical aspect of an extremely important social institution. If his 
book seems less than adequate, as it does to this reviewer, it is because 
the author has conceived his subject in such modest terms. There is 
no analysis of problem and solution on the heroic scale (perhaps the 
drama is here); there is no sense of the immense sweep of the river 
valley and the diversity of its physiographic and climatic features, 
and hence neither an overall nor a properly detailed grasp of this 
vast complex of dams and generating facilities. The accuracy and 
clarity of what Mr. Kyle has given us suggest that he could have 
given much more, which his subject deserves. 


Cart W. Conor * 


The Pulse of Radar. The Autobiography of Sir Robert Watson-Watt. 
New York: Dial Press, 1959. Pp. 438. $6.00. 


This book and its predecessor Three Steps to Victory, published in 
London in 1957 (of which The Pulse is an inferior version adapted for 
the American reader), are likely to arouse considerable controversy. 
The author, infinitely proud of his Scottish and scientific heritages, 
began his career as a government meteorologist specializing in thunder- 
storms, detecting and locating over great distances the electrical dis- 


* Associate Professor of the History of Science at Northwestern University, 
Dr. Condit is the author of The Rise of the Skyscraper and a forthcoming two- 
volume work on American building art. 
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charges which flashes of lightning are. Recognizing his service to 
England in the establishment of radar defenses and radar equipment, 
without which British pilots could not have defeated the Luftwaffe in 
1940, the British knighted him and paid him a monetary reward as 
well. 

Since World War II Watson-Watt has increasingly dedicated him- 
self to staking out his claim as “ father of radar.” He had not yet hit 
upon this claim when in 1945 he first published a general, and modest, 
article on World War II radar in the British journal Nature. (“ Radar 
in War and Peace,” Nature, CLVI, 3959 [1945], pp. 319-24.) But 
in his first book, Three Steps to Victory, published by Odhams 
Press, London, in 1957 (and already out of print), he affixed the 
revealing subtitle “ A Personal Account by Radar’s Greatest Pioneer.” 
By the date of The Pulse he and radar had become, it seems, synony- 
mous. The subtitle of this book is “The Autobiography of Sir 
Watson-Watt.” If there were any doubt that he means to identify 
himself as the father of radar, the dust jacket of The Pulse seeks to 
dispel it, declaring him to be “the scientist who invented radar and 
revolutionized the art of war.” In his first book, too, Watson-Watt 
was quick to state what, thanks to him, the three steps to victory were. 
They were: (1) the instantaneous visual high frequency radio direction 
finder (a product of his meteorological work); (2) radar, in the 
detailed and specific definition he applies to it; and (3) Operational 
Research. 

Watson-Watt bases his claim to radar paternity upon his circum- 
scribed definition of the military technology as it evolved in England 
under his initiative from 1935 through World War II. But in other 
countries, too, military technologies of radar developed independently 
from the early 1930's, particularly in Germany and the United States. 
For these radar developments he cannot of course claim fatherhood— 
rather he claims that they did not constitute radar since they did not 
entirely meet his particularized definition. His parental purposiveness 
becomes almost pathological when he asserts that he was the father of 
Operational Research also: “I believe myself to have been a first and 
true ‘inventor’ of operational research, which was certainly high 
among the instruments of victory in every theater of war” (p. 319). 
J. P. Baxter in Scientists Against Time (Boston, 1946), p. 404, states that 
the British scientist Professor P. S. M. Blackett fathered operational 
research. A. P. Rowe in One Story of Radar (Cambridge, 1948), 
p- 51, gives the impression that he was the parent. J. G. Crowther and 
R. Whiddington in Science at War (London, 1947), pp. 91 ff., devote 
an entire section of the book to Operational Research and incline to 
credit Rowe with the origin of the activity in its World War II form, 
beginning with his studies in the military use of radar equipment. 

The book does a good service in assembling the comments of many 
men who were in a position to know best how effective and crucial 
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radar was throughout World War II, men like Churchill on the Allied 
side, and Gen. Adolph Galland of the Luftwaffe. Unfortunately The 
Pulse of Radar is not annotated, so that the reader is denied ready access 
to the sources of the many references and quotations which Watson- 
Watt has garnered, some of it new material beyond that contained in 
the otherwise superior Three Steps. 

Watson-Watt, an intensely subjective writer, clever, sometimes 
humorous, more often sardonic, has much to say of the interplay of 
human foibles in the development and employment of such huge com- 
plex technologies as radar. He dwells long on the failure to utilize 
radar at Pearl Harbor. Even his own nation’s radar system was not 
entirely free from similar human shortcomings. The escape of the 
Scharnhorst and Gneisenau through the straits of Dover in February 
1943 has been generally attributed to successful jamming by the 
Germans of the British radars on that occasion. Watson-Watt seeks 
to correct this version of history. There was jamming. But some of 
the British radars, he explains, did detect the warships. Yet in a Pearl 
Harbor-like skein of confusion and error, the radar information became 
entangled and was not used to proper advantage. 

The Pulse of Radar constitutes a considerable contribution to the 
literature of radar development and military application in World 
War II. But the reader must be cautious. An understanding of the 
book calls for some foreknowledge, particularly of the fuller account, 
better presented, in The Three Steps to Victory. The book is marred 
by many errors of editing. For example, the title of Chapter 35, 
“Privileged Previews,” is a mistake for “Privileged Reviews.” The 
many quotations are sometimes confusing, not as clearly presented as 
in The Three Steps, which includes also a useful index, an aid absent 
from The Pulse (perhaps American readers are not expected to use an 
index). Caution, further, is needed against the author’s subtleties of 
language and manipulations of sources. A case in point occurs on page 
291, in Chapter 42, “ The Island of Lost Opportunity.” Watson-Watt, 
seeking to persuade the reader that there was, on December 7, 1941, 
a sufficiency of radar men, if not qualified ones, on Oahu, states that 
the Signal Air Warning Company, Hawaii, comprised 38 officers and 
1,283 enlisted men. He makes the statement with the proviso, “ if 
I do not misinterpret a slightly ambiguous footnote in the Signal 
Corps History, Vol. II.” He does indeed misinterpret the note, which 
occurs on page 7 of The Signal Corps: The Test. The footnote is not 
ambiguous. It clearly totals the sum of all U. S. Army Signal Corps 
units, ten of them, at 38 officers and 1,283 men. The Aircraft Warning 
Company, Sig AW Co., is itemized in the list as comprising by itself 
13 officers and 348 enlisted men. (G. R. Thompson, D. Harris, et al., 
The Signal Corps: The Test |Wash., D.C., 1957], in the U.S. Army 
in Wortp War II historical series. The strength of this Company, 
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charged with the Army radars in the Territory of Hawaii, is also 
stated in the text itself, on page 1 of The Test.) 


GEorGE RAYNOR THOMPSON * 


Food: America’s Biggest Business. By Pauline Arnold and Percival 
White. Illustrated by Tom Funk. New York: Holiday House, 
1959. Pp. x, 338. $3.95. 


The authors, Mr. and Mrs. White, are professionally market re- 
searchers. Based, apparently, upon material supplied by the food com- 
panies themselves, they have given an account of food processing 
and distribution from the field to the supermarket. 

There are chapters on the processing of cereals, preparation of 
baked goods, breakfast foods, prepared mixes, canned and frozen foods, 
meat, dairy, egg, and marine products. The packaging, marketing and 
advertising of foods are described. 

Unfortunately, from the viewpoint of the readers of this journal, the 
book is written in “story book” style addressed to “ students—in and 
out of school.” From the style and material we suspect that the stu- 
dents are of high school or junior high age. A chapter is included on 
the vocational aspects of the food industry. 

To our knowledge there does not exist an adequate and complete 
study of the American food industry. There are a few good studies 
on its individual segments. These include Lewis Corey’s Meat and 
Men (1950), the delightful Canning Clan (1938) by Chapin May, 
R. W. Bartlett’s The Milk Industry (1945), and Baking in America 
(1956) by Passchar and Slater. 

However, as for much of American technology, there is no complete 
serious study of the food industry in its varied economic, social, and 
human aspects. 

W. Eart GranaM ** 


* Dr. Thompson is Chief of the Historical Division of the U. S. Army Signal 
Corps. He has done much work in the history of ancient science and in the 
very modern science of electronics. 

** Mr. Graham, whose special interest lies in the history of food canning and 
heat preservation, has a background in industrial research and development. 
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THE CHICAGO MEETING, DECEMBER 28-30, 1959 


ProGRAM Notes 


As befits an interdisciplinary organization, the program for the 
Second Annual Meeting of the Society covered many fields, reflecting 
the broad and diverse interests of the members. Yet each session pos- 
sessed internal unity, and the entire program was bound together by 
the single theme of the development of technology and its relations 
with society and culture. The great interest in the Society’s programs 
was manifested by the attendance at all the sessions, those of Tuesday, 
December 29, filling Parlor E at the La Salle Hotel, while almost 200 
people attended the Wednesday program in the Grand Ball Room of 
the Conrad Hilton Hotel. 

Professor Carl W. Condit of Northwestern University presided at 
the morning session on Tuesday, a joint program with Section L of 
the American Association for the Advancement of Science. This pro- 
gram had as its theme the general social and cultural relations of 
technology. Homer G. Barnett, Professor of Anthropology at the 
University of Oregon, spoke on “Individualism and Technological 
Change,” pointing out that the different elements of a culture change 
at differential rates, the material components leading the way, while 
the intangibles of social, political, and religious beliefs were more 
resistant to change. He claimed that material artifacts carry the per- 
suasion of immediate sense experience; they are non-social and can be 
treated objectively. Thus “things” are more readily assimilated than 
“non-things.” In those areas of culture where the individual can inde- 
pendently decide on the acceptance of a technical innovation, as, 
for example, simple tools, the likelihood of ready acceptance is greatest. 
This thesis, according to Professor Barnett, provides a partial explana- 
tion of both the ease and difficulty of technological change. It helps 
explain why western technical advisers may introduce mechanical 
novelties in undeveloped areas of the world without difficulty, and 
also why these advisers then find it difficult to contend with the social 
upheavals created by their mechanisms. On the other hand, the break- 
down of medieval society led to the individualism which in turn made 
possible the acceptance of the mechanized factory system of the 
Industrial Revolution. 

Speaking at the same program on “The Social Consequences of 
Occupational Specialization,” Raymond W. Mack, Professor of Soci- 
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ology at Northwestern University, concentrated on those elements 
most likely to affect the whole structure of society. In a technological 
society, occupational roles become more widely differentiated, depriv- 
ing the family of its former role in occupational training and social 
adaptation. This removal of occupational specialization from the family 
has been completed, and now a similar thing is happening in our 
schools. The fact that business firms prefer the liberally educated 
student to the student possessing specific training reveals their assump- 
tion that the agency best equipped to socialize a person into an organi- 
zation is that organization itself. Furthermore, Dr. Mack claimed, the 
bureaucratic integration of labor leads to the growth of social groups 
that share the same occupational history. This does not lead to a 
fragmented society, even when the groups become increasingly com- 
plex, for occupational status may serve as the urban-industrial special- 
ist’s social substitute for a community and thus contribute toward the 
organic solidarity of our changing culture. 

As commentator, Dr. Otis Dudley Duncan, Associate Director of 
the Population Research and Training Center at the University of 
Chicago, questioned Professor Barnett’s equation of the diffusion of 
technology with the exchange of artifacts, claiming that technological 
diffusion refers to the mastery of techniques by which artifacts are 
produced as well as the artifacts themselves. As counter-illustrations of 
Dr. Barnett’s thesis, Dr. Duncan cited the acceptance of socialist ide- 
ologies by the Russians and Chinese ahead of the introduction of 
European technology, and the spread of the English language among 
the Indian population well before the adoption of industrial processes. 
Speaking to Professor Mack’s paper, Dr. Duncan agreed that the evo- 
lution of complex technological systems leads to occupational speciali- 
zation and hence to extensive modifications in the social order. To 
Professor Mack’s suggestion of other conditions necessary for tech- 
nological development—sizable population, literacy, and mobility—Dr. 
Duncan added economic growth. In order to learn the necessary and 
sufficient conditions for technological change, Dr. Duncan stressed 
the need for accumulation of data classified according to the situations 
in which change has occurred and according to the kinds of change 
involved. 

The second of the Society’s joint programs with Section L of the 
American Association for the Advancement of Science was held 
Tuesday afternoon, with Dr. Robert E. Carlson of the History De- 
partment, University of Pittsburgh, presiding. Here the accent was 
on specific elements in technological history itself, with examples 
ranging from medieval Europe to modern America. Cyril Stanley 
Smith, Profesor of Metallurgy at the University of Chicago’s Institute 
for the Study of Metals, in his paper on “ Medieval Technology as 
Reflected in the ‘ Treatise on Divers Arts’ of Theophilus,” character- 
ized that work as truly outstanding, not only because it was written 
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with care so as to instruct beginners, but also because it reminded 
the experienced that there is a vital difference between craftsmanship 
and mere mechanics. The date of Theophilus is uncertain (Lynn White 
offered the 1130’s as a likely decade in discussing this paper from the 
floor), but interest in this work has occupied numerous investigators 
over the last two centuries. Professor Smith believes that Theophilus 
was associated with a large ecclesiastical building, for all the arts ex- 
amined in the Treatise are related to ecclesiastical purposes. De- 
scriptions for the manufacture of lead-white, copper-green, cinnebar, 
ink, and gold leaf were provided for the painter. Because Theophilus 
was a practicing goldsmith he gave intimate details for the production 
of fine metalwork and the finishing of these pieces by gilding and 
polishing. The chapter on bell-founding is perhaps the best known, 
here the details of the furnaces, bell moulds, and pits are most interest- 
ing. Along with descriptions of tools, equipment, and processes, the 
“Treatise on Divers Arts” identifies the metals used, among which 
were iron, steel, copper, brass, gold and silver, and several alloys. 

A considerable transition, both in time and locale, came in Professor 
Robert S. Woodbury’s discussion of “The Legend of Eli Whitney 
and Interchangeable Parts.” The author, Associate Professor of the 
History of Technology at the Massachusetts Institute of Technology, 
decried the fact that the “legend” of Whitney’s part in interchange- 
able manufacture is not only a popular one but has also been accepted 
by scholarly historians. Professor Woodbury contended that Whit- 
ney’s motive in seeking the arms contract in 1798 was to gain credit, 
credit to avoid the bankruptcy that came out of the unfortunate cotton 
gin litigation. As a result, Whitney made a fantastic proposal to 
deliver thousands of stands of arms “in a short time,” a proposal which 
he could hardly fulfill “from a factory yet to be built, and made by 
laborers as yet untrained, and by methods as yet unknown.” Then, 
when he failed to meet the terms of the contract “he regularly substi- 
tuted long letters of excuse for honest effort . . . while he chased the 
richer prize of the rewards he expected from the cotton gin.” Using 
the records of the Springfield Armory in the National Archives, 
Woodbury showed the existence of skilled armorers, contrary to the 
shortage often claimed. He also traced the several origins of the inter- 
changeable principle—the work of Polhem, Blanc, and John Hall— 
and then evaluated the role played by Whitney. From his researches, 
Professor Woodbury concluded: “We know so little of Whitney’s 
actual methods of manufacture that his contributions to interchange- 
able parts is difficult to assess. What little we do know indicates, if 
anything, that Whitney was on the wrong track anyhow.” 

Harold I. Sharlin, Assistant Professor of Economics & History at 
the Polytechnic Institute of Brooklyn, read the third paper, “ The 
Niagara Power Project,” at this session. This project, undertaken be- 
tween 1890 and 1895, established the principle of centralization of 
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power plants and the decentralization of industry. Drawing on the 
writings of Edward D. Adams, Professor Sharlin traced the evolution 
of this project from its beginnings among Buffalo businessmen to the 
financial circles of New York and London. Consultation with en- 
gineers and scientists as Thomas Edison, Dr. Coleman Sellers, and 
George Westinghouse was followed by a competition in which the 
promoters sought the latest information on alternating and direct cur- 
rents, motors, and transformers both in America and Europe. 
Professor A. R. Hall of the University of California (Los Angeles) 
presided at the Wednesday morning session, a joint program with the 
American Historical Association. Stressing the human element in tech- 
nological development, a work of human enterprise and will, Dr. 
John U. Nef of the University of Chicago spoke on “ The Coming of 
Civilization and the Birth of Industrialism.” He pointed out that the 
Industrial Revolution of the eighteenth and nineteenth centuries was 
the consequence of the solution of three technological problems al- 
ready perceived in sixteenth century England: (1) how to make iron 
with coal fuel; (2) how to drive mine-pumps (and hence other 
machinery) by steam power; and (3) how to transport coal from the 
pits. Other factors also had a share, notably science in the nineteenth 
century. But the Industrial Revolution was above all a product of the 
confident, civilized society in which alone it could have occurred. 
“The novel methods of intellectual inquiry and the novel hopes in 
men’s capacity to perfect themselves (originally derived from the 
Christian faith) converged in the nineteenth century to draw human 
knowledge and energy into the service of material development as 
never before,” said Dr. Nef. The existence of a peaceful, human, 
progressive civilization (and Dr. Nef traced the origin and meaning 
of the word) thus helped to make the triumph of industrialism possible. 
Asking the question “ What Constitutes an Industrial Revolution? ” 
Professor Melvin Kranzberg of Case Institute of Technology assumed 
that the characterstic attributes of an industrial revolution are best 
exemplified by the classic period of British industrialization, from 1760- 
1830 approximately. He sought to define these attributes and then to 
apply the criteria thus obtained to other periods. Pointing out that an 
industrial revolution consists of changes in both the technological and 
sociocultural spheres, Dr. Kranzberg asserted the prime technological 
developments to be changes in basic materials, energy sources, machines 
and tools, the organization of work, transportation and communica- 
tion, and, after the mid-nineteenth century, the application of science. 
Agricultural developments were also an inherent part of an industrial 
revolution, he claimed, and he singled out urbanization and and psy- 
chological elements in man’s relation to his environment among the 
various sociocultural factors which he stressed. Seeking examples of 
industrial revolutions, he found that the term could justly be applied 
to what is otherwise called the Neolithic Revolution in prehistory, 
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but not to describe other developments in industry or society before 
the eighteenth century. He concluded, however, that there was a 
second industrial revolution at the close of the nineteenth century and 
that we are undergoing still another in our contemporary world. 

In his comments, Dr. John Geise, Vice-Chancellor of the University 
of Pittsburgh, praised Dr. Nef’s view that both the individual creative 
impulse and the accumulation of knowledge are necessary to techno- 
logical progress, and he cited the first studies on modern rocket-motors 
as a recent instance of the importance of altruistic individual pioneer- 
ing. Professor Kranzberg’s paper, Dr. Geise pointed out, was notable 
in emphasizing the specific technological changes in an industrial 
revolution and in showing that far more than technology was involved 
in industrial change. 

Those members of the Society who missed these excellent programs 
arranged by the Program Committee (Robert Multhauf, Chairman; 
Carl W. Condit; John W. Streeter) must now await the publication 
of some of the papers in future issues of Technology and Culture. 


Business Notes 


A full report of the Annual Meeting of the Society, held at the 
Museum of Sciences and Industry on Monday, December 28, is con- 
tained in the Newsletter recently sent to all members. In addition to 
the routine business of the Society, there was the special election of 
officers caused by the untimely death during the year of Dr. William 
Fielding Ogburn, the renowned sociologist and first President of the 
Society. 

To succeed Dr. Ogburn, the Society unanimously elected Dr. David 
B. Steinman, the master bridge-builder, who is responsible for the con- 
struction of over 400 bridges on five continents, among them the 
recently completed Mackinac Bridge. He has received many awards 
for his research on the aerodynamics of bridge structure and the appli- 
cation of metallurgical developments to bridge construction, and is 
the possessor of over twenty honorary degrees from American and 
European universities. His next project, which he believes to be the 
most inspiring of his career, is the designing of a new span across the 
Messina Straits, linking the mainland of Italy and Sicily. Dr. Steinman 
is a poet and patron of the arts as well as an engineer. 

Elected First Vice-President was Dr. Lynn White, Jr. After serving 
as president of Mills College for fifteen years, Dr. White returned to 
the teaching life in 1958 as Professor of Medieval History at the 
University of California (Los Angeles). He has written and edited 
books and articles in the fields of education, medieval history, and 
technology, and his monumental study on medieval technology and 
social change is scheduled for publication soon. 

Dr. Mervin J. Kelly, recently retired as president of the Bell Tele- 
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phone Laboratories, was elected Second Vice-President. One of the 
nation’s leaders in the field of industrial research, Dr. Kelly has been a 7 
scientific adviser to the government in many important posts, is a 
trustee of several educational institutions, and holds many honorary 7 
degrees. Since his retirement from Bell Laboratories after 41 years 

with that organization, Dr. Kelly has dedicated himself to public 
service in the areas of education and military science and technology. | 

Dr. Kelly’s elevation to the Second Vice-Presidency created a va- 
cancy in the Society’s Advisory Council. The Honorable Herbert | 
Hoover, former President of the United States, agreed to serve on the 
Advisory Council and was unanimously elected to that post. In addi- | 
tion to a distinguished career as an engineer and in public service, Mr. 
Hoover has long been interested in the history of technology. In 1912, 
Mr. Hoover, in collaboration with his wife, published the first adequate 
English translation of Agricola’s De Re Metallica. 

Elected to Corresponding Membership in the Society was Dr. Joseph 
B. Needham, Fellow of the Royal Society and head of Gonville and | 
Caius College, Cambridge University, England. Dr. Needham first 
achieved a scholarly reputation through his researches in the applica- 
tion of biochemistry to problems of the development of the embryo. 
His long-felt interest in the history of science and technology was 
stimulated when he became Head of the British Scientific Mission to 
China in 1942 and held.a number of scientific advisory posts with the 
Chinese Nationalist government. This resulted in plans for the publi- 
cation of a monumental seven-volume work, Scierce and Civilization 
in China, the fourth volume of which, dealing with physics, engineer- 
ing, and technology, is soon to appear. Dr. Needham is considered 
the world’s outstanding authority on the history of Chinese technology. 

Responsible for much of the success of the Society’s meeting was 
the Local Arrangements Committee, consisting of Leo Dolkart (Chair- 
man), S. Colum Gilfillan, R. S. Hartenberg, Lenox R. Lohr, and 
C. G. Schelly. 

The next annual meeting of the Society will be held in New York 
City in conjunction with the meeting of the American Association for 
the Advancement of Science, December 26-31, 1960. The application of 
the Society for the History of Technology for affiliation with the 
American Association for the Advancement of Science was unami- 
mously approved by the AAAS Committee on Affiliation, the Board of 
Directors, and, on December 30, 1959, by the AAAS Council. 
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